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 As the demand for poultry meat continues to grow, the industry is challenged with how to 
meet these needs of consumers. The growth rate of broilers is continuously improving in order to 
increase production efficiently resulting in greater yields and an increase in product to satisfy 
consumer needs. However, the industry has seen an increase in quality issues of the meat as 
growth rates and growth periods continue to increase. The objective of this study was to evaluate 
the effect of various strains (standard and high-yielding) and target weights on meat quality 
attributes such as pH, water holding capacity (WHC), and tenderness values, along with meat 
quality defects such as myopathies. In this study, 1,800 broilers from four commercial strains 
(two high breast yielding (HY) and two standard yielding (SY)) were raised sex separately in 
order to evaluate meat quality trends over time at six different market weights. Birds were 
processed at market weights ranging from 2043g to 4313g in 454g increments. High breast 
yielding strains (HY) had higher breast and tender yields than those of the standard breast 
yielding (SY) strains (P<0.05). There was an increase in breast and tender yields as target 
weights increased (P<0.05) for both HY and SY strains. Some differences were observed 
depending on strain for fillet dimensions including length, width, and thickness; however as 
expected, these measurements increased as target weight increased (P<0.05). Woody breast 
(WB) had a higher severity in the HY strains for both males and females (P<0.05) when 
compared to SY strains. However, there were only differences (P<0.05) in white striping (WS) 
for females, and not males, between HY and SY strains. There were differences for WB and WS 
(P<0.05), showing that as target weight increased over time, severity of these myopathies 
increased. Shear values were primarily affected by target weight, but there with inconsistent 
differences between the high and standard yielding strains. Meullenet-Owens Razor Shear 
 
(MORS) energy values were different for both sexes among target weights and generally 
increased in the cranial region of the fillet (P<0.05) as the target weight increased for males. The 
MORS peak counts generally increased as target weight increased with both sexes. There was 
also an increase in the incidence and severity of muscle myopathies as target weight increased. 
While strain had some effects on meat quality attributes, processing weight had a greater 
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Poultry meat continues to grow in popularity among consumers due to its affordability, 
availability, and nutritional qualities. In 2020, consumption of total poultry meat was at an all-
time high of 113.5 pounds per capita and approximately 45 billion pounds of chicken product 
was marketed on a ready-to-cook basis in the US (National Chicken Council, 2020 a;b). The 
poultry industry is very much a consumer driven market with various segments to satisfy the 
needs of the customers. Due to the growth potential of modern-day broilers, the industry has 
targeted these various markets and harvests birds with the needs of those markets in mind in 
order to be as efficient as possible when producing a product. To meet those specific demands, 
birds are processed at different weights and ages. By targeting various processing sizes, 
efficiency and quality can be optimized. Small bird markets utilize birds typically ranging from 
35 to 40 days of age as portion sizes are more on target with the needs of the fast food segment 
(Brewer et al., 2012a). Big bird markets use birds that are typically 45 to 60 days of age for the 
tray pack and heavy debone markets. However, these fillets can be portioned for use in the fast 
food segment. The varying market segments generate the need to assess a wide range of 
processing ages in order to understand the quality differences that can take place and how they 
change overtime. As the demand of poultry continues to grow so does the importance of quality 
and efficiency.  
Due to the increasing demand of chicken specifically, genetic advancements have been 
made to produce the most amount of meat possible while keeping costs low to provide this 
source of protein to a variety of consumers regardless of their economic status. The shift in 
genetics, as well as improved nutritional programs, has allowed the industry to grow heavier, 
higher-yielding birds faster than ever. While the increased breast yield has been beneficial to 
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meeting the demands of consumers, the industry has seen the adverse effects of muscle 
myopathies associated with the faster growth rates of broilers (Kuttappan et al., 2012; Kuttappan 
2016; Chen et al., 2019). Woody breast (WB), white striping (WS), and spaghetti meat (SM) in 
breast fillets have become more prevalent as there is a continuous push for a higher-yielding, 
faster-growing bird. (Kuttappan et al.,2012; Petracci et al., 2019.). This, in turn, creates 
acceptability issues at the consumer level in terms of appearance, taste, and texture. (Kuttappan 
et al., 2012; Imaran et al.,2014). 
There are several factors that influence changes in meat quality, as well as impact the 
incidence and severity of muscle myopathies. These factors include sex, strain, age, and live 
weight at processing (Kuttappan et al.,2017; Mallmann, 2019; Zhang et al., 2020). Meat quality, 
more specifically eating quality, from a consumer standpoint can involve many aspects including 
appearance, juiciness, flavor, and texture. These factors are affected by pH, color, water holding 
capacity, tenderness, and cook-loss and can ultimately determine the acceptability of a product 
(Barbut, 1997; Fletcher, 2002). Due to these factors, it is important to understand how sex, strain, 
and age are affecting meat quality over time so that the industry can optimize on yields while 
limiting the amounts of downgrades due to these quality issues.  
 The objective of this study was to evaluate the effect of various strains (standard- and 
high-yielding) and target weights on meat quality attributes such as pH, water holding capacity 
(WHC), and tenderness values, along with meat quality defects such as myopathies. By 
evaluating these attributes, changes over time can be observed as well as how those changes 
affect the eating quality of a product. The trend of myopathies and their associated qualities were 
also established over time in order to better understand when these myopathies start and how 

















































MUSCLE STRUCTURE  
 Skeletal muscle makes up the largest majority of muscle in the body, which produces the 
main source of meat from a carcass. The main function of skeletal muscle is to provide 
locomotion and support of the body (Kerth, 2013a). Skeletal muscle attaches to bones via 
tendons, ligaments, or connective tissue (Aberle et al., 2001). Skeletal muscle development can 
be segmented into two main phases of growth: hyperplasia and hypertrophy (Kerth, 2013a). 
Hyperplasia is prenatal muscle development that increases the number of muscle fibers, whereas 
hypertrophy is postnatal muscle growth that increases the size of the preexisting muscle fibers 
(Bradebourg, 2013). For skeletal muscle, the basic structural unit is the muscle fiber, making up 
75 to 92 percent of the total muscle volume (Aberle et al., 2001). Avian and mammalian muscle 
fibers are long, multinucleated, unbranched, and taper at both ends (Aberle et al., 2001). Each 
individual fiber is encased by an elastic sarcolemma membrane which is made up of protein and 
lipids (Lawrie, 1998; Aberle et al., 2001). Relative elasticity of this membrane allows for 
vigorous stress when a muscle is contracted or relaxed. Each individual muscle fiber is also 
covered by a thin sleeve of connective tissue known as the endomysium to help support the 
muscle fibers (Brandebourg, 2013). Individual muscle fibers are then bundled into muscle 
fascicles with the addition of a connective tissue layer commonly referred to as the perimysium 
(Purslow, 2017). Multiple muscle fascicles then realign to produce whole muscle through the 
encapsulation of an epimysium layer (Brandebourg, 2013).  
Each muscle fiber contains a single cellular identity inherently different from tissue 
organelles that lack the presence of the myofibrils (Kerth, 2013a). These organelles are special to 
muscle cells because they allow for the conversion of chemical energy to mechanical energy 
(Kerth, 2013a). Myofibrils are long, thin, rod like structures that are made up of myofibrillar 
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proteins (Mannherz and Goody, 1976). Myofibrils are composed of the basic unit of muscle 
contraction, commonly known as sarcomeres (Kerth, 2013a). Myosin and actin are the main two 
myofibrillar proteins that interact to produce the striated appearance of skeletal muscle (Wariss, 
2000). These two proteins, also known as the thick and thin filaments, are the major contractile 
proteins that are responsible for the mechanical contraction of muscle. 
 The thick filament is composed of two bundles of the contractile protein myosin joined 
tail to tail to form an alpha-helix structure (Smith, 2010b). Each thick filament has two globular 
heads which are attached on a swivel point that allows for attachment to the thin filament at the 
initiation of contraction (Smith, 2010b; Kerth, 2013a). The thin filament includes the contractile 
protein actin as well as two regulatory proteins: tropomyosin and troponin. Globular actin protein 
molecules (G-actin) are assembled into an actin filament which is known as F-actin (Hanson and 
Lowy, 1963). Two F-actin filaments are then wound around themselves to form the backbone of 
the thin filament with tropomyosin located between the grooves of the strands and troponin 
bound to specific sites on the tropomyosin (Wariss, 2000).  
Looking further at sarcomere appearance, the banding effect that is attributed to muscle 
striations is made up of light and dark areas of different myofibril densities (Aberle. et al., 2001). 
The appearance of these bands come from the different optical properties when viewed under a 
light microscope (Purslow, 2017). The areas of light bands are referred to as the I band, being 
isotropic in polarized light. The I band is made up of only thin actin filaments being 6 to 8 nm in 
diameter. In opposition the dark bands are named A band segments as they are anisotropic in 
polarized light (Aberle. et al., 2001). The A band is constructed of thick myosin filaments 
approximately 14 to 16nm in diameter but does contain a small overlap of thin actin filaments. 
The H zone is simply a subdivision of the A band and is made up of only thick filaments that 
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change with the state of contraction (Aberle. et al., 2001). On either end of the sarcomere, 
another microstructure component known as the Z-line can be observed. The Z-line functions as 
the lateral boundary of the sarcomere and transmits force during contraction as an anchoring 
intermediate (Taylor et al., 1995).  
MUSCLE CONTRACTION AND RELAXATION  
 The cyclic repetition of muscle contraction occurs in four main phases within the 
sarcomere. Muscle contraction can be explained by the sliding filament theory first presented in 
1954 by Huxley and Hanson. This theory suggests that muscle contraction is the relationship 
between contractile proteins and how those filaments interlock in succession with one another. 
Huxley and Hanson (1954) found that the A band made up of thick myosin filaments stayed 
consistent in length during muscle contraction, whereas the I band of thin actin filaments 
shortened within the sarcomere. Due to these observations, the sliding filament theory states that 
muscle contraction results in the sliding act of actin past myosin heads (Lawrie, 1998). Myosin 
acts as the central point of contraction as actin slides inward and Z-lines shift to produce the 
reflex known as contraction. This forces sarcomeres to shorten, and the result is a completion of 
muscle contraction.   
Muscle contraction is the process in which chemical energy, in the form of adenosine-tri 
phosphate (ATP), is converted to mechanical energy (Kerth, 2013a). The beginning phases of 
muscle contraction results from a nerve stimulus that reverses the polarization of the sarcolemma 
surfaces. This nerve impulse causes a temporary loss of impermeability to potassium (K+) and 
sodium (Na+) ions across the endoplasmic reticulum (Lawrie, 2006). During this depolarization, 
K+ ions move out of the sarcolemma and are replaced with Na+ ions. This protein gradient 
change causes a large release of calcium (Ca2+) ions from the sarcoplasmic reticulum back into 
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the sarcoplasm (Warriss, 2000). The rise of the Ca2+ ion concentration saturates troponin C 
(calcium-binder in the troponin complex on the actin filament), which causes a change in 
troponin position (Lawrie, 2006). This change in troponin, displaces the tropomyosin regulatory 
protein, opening the binding sites located on the actin (Warriss, 2000). Without tropomyosin 
inhibition, binding sites are revealed, and myosin can freely bind to actin in the presence of ATP. 
The bonds created here form locking cross bridges with myosin heads and actin protein to 
produce muscle kinetics (Lawrie, 1998).  
For muscle relaxation, this process is basically the reverse of muscle contraction. The 
removal of a stimulus results in a nerve impulse that allows the cell body to return the membrane 
potential to its resting state (Kerth, 2013a). 
MUSCLE TO MEAT CONVERSION (RIGOR) 
Rigor mortis is the Latin term for “stiffening after death” and is the process in which 
muscle becomes meat (Dransfield and Sosnicki, 1999; Miller, 2002). Initiating the conversion of 
muscle to meat, animals are harvested and exsanguinated to remove approximately 50% of the 
body’s blood supply (Braden, 2013). Next, oxygen supply in the muscle begins to deplete, thus 
forcing anerobic glycolysis to override aerobic respiration (Braden, 2013). During anerobic 
glycolysis, glycogen storage in the muscle is depleted and lactic acid replaces metabolic 
intermediates. As a result, muscle tissue and decreases in pH from 7-7.5 to 5-5.5 (Braden, 2013). 
As anerobic glycolysis continues, a depletion of adenosine triphosphate (ATP) is observed 
limiting bond cleavage between myosin heads and actin filaments, thus resulting in “rigor 
mortis” or the stiffening of death (Braden, 2013).  
Many factors can affect the rate of rigor, such as pre-processing stress. There are two 
types of pre-processing stress that an animal may be exposed to: short-term and long-term stress. 
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Long-term stress can include long transportation times to the plant, extended feed withdrawal, or 
improper handling of the animal prior to slaughter (Miller, 2002). If an animal is exposed to 
long-term periods of pre-processing stress, the glycogen supply of that animal will be reduced at 
slaughter. Reduced glycogen supplies paired with the accretion of lactic acid will cause post-
mortem pH decline to occur at a slower than normal rate, resulting in an ultimate pH that is 
typically above 6 (Braden, 2013). Meat with a relatively higher pH has been shown to have a 
darker color, firmer texture, higher water-holding capacity, and less drip loss than meat that goes 
through rigor at a normal rate (Miller, 2002). This condition is known as dark, firm, and dry 
(DFD) meat and reduces the quality of the product after cooking (Lawrie, 1998).  
Short-term stress can also impact meat quality in a negative way. Acute stress can result 
in a condition known as pale, soft, and exudative (PSE) meat (McKee and Sams, 1997; Owens et 
al., 2000). Examples of short-term stress include improper and rough handling, temperature and 
environmental stress, stunning method, and poorly designed holding facilities prior to processing 
(Miller, 2002). Short-term stress can lead to accelerated postmortem glycolysis which results in 
rapid pH decline (Owens et al., 2000). This rapid postmortem decline produces a pH that is 
lower than the normal ultimate pH of 5.6 to 5.8 (Braden, 2013), which can create the multitude 
of problems seen in PSE meat. Pale, soft, and exudative meat has been associated with decreased 
functionality, paler color, decreased water holding capacity, and a lower ultimate pH which can 
be observed in pork and poultry. (Barbut 1997, 1998).  
COLOR 
 Color is one of the primary attributes that can affect a consumers’ perception and thus 
significantly influences purchasing decisions (Allen, 1998). It has been noted that humans use 
color to make assumptions of flavor for a product (Barbut, 2015), as well as product spoilage and 
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wholesomeness (Mancini, 2013). The combination of these factors can be associated with final 
meat quality as perceived by a consumer prior to consumption.  
 Meat primarily gets its color from the myoglobin in the tissue; however, color can be 
affected by things such as breed, nutrition, age, as well as processing methods and postmortem 
changes (Barbut, 2015). Myoglobin is the protein that carries oxygen in the muscle tissue and 
consists of a protein portion (globin) and the non-protein portion (heme ring). The heme ring has 
an iron molecule in the center, which allows for binding of water and oxygen (Mancini, 2013). 
The oxidation state of this iron molecule is what determines the shade of red color that is present 
in the meat (Barbut, 2015). There are four possible chemical forms of myoglobin based on the 
redox state of the iron: deoxymyoglobin, oxymyoglobin, carboxymyoglobin, and metmyoglobin. 
Deoxymyoglobin produces a purplish-red color and can be seen in meat products that have not 
had exposure to oxygen, such as vacuum packed or fresh meat products (Mancini, 2013). 
Oxymyoglobin takes place when deoxymyoglobin is exposed to oxygen which produces a bright 
cherry-red color known as bloom that is preferred by consumers when purchasing beef products 
(Mancini, 2013). Carboxymyoglobin produces a cherry-red color as well that comes from the 
binding of deoxymyoglobin with carbon monoxide (Faustman, 2013). Metmyoglobin creates a 
brown color in the meat due to the oxidation of the iron in oxymyoglobin and deoxymoglobin 
(Mancini, 2013; Caravalho et al., 2017).  
Myoglobin is considered an intrinsic factor as well as muscle fiber orientation and 
spacing among those muscle fibers (Barbut, 2015). For example, poultry white meat, such as a 
breast fillet, is composed of white fibers which have a low myoglobin content giving the product 
a lighter pink color (Froning, 1995; Fletcher, 1999). Thigh meat in poultry, on the other hand, is 
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composed of multiple muscles made up with a greater proportion of red fibers and which are 
associated with higher myoglobin content (Wideman et al., 2016).  
Previous research conducted by Fletcher (1999) provided results that showed visual color 
appearance of meat is highly correlated to objective color values. These objective color 
measurements are L*, a*, and b* values. The L* value refers to the lightness or darkness of a 
product, with 0 being the darkest (black) and 100 being the lightest (white). The a* values 
determine the redness or greenness of a product, with positive values indicating a red color and 
negative values being green. The b* values report the yellowness or blueness of a product, with 
positive values correlating to a yellow color in the product and negative values being associated 
with a blue color (AMSA, 2012). Objective color measurements have been used in research to 
find correlations between the color of meat and other quality traits such as pH and water holding 
capacity (Allen et al., 1997; Allen et al., 1998; Fletcher, 1999; Fletcher, 2000). For L* values, 
research has shown that meat with a darker color (lower L* value) has been associated with a 
higher pH value (Malia et al., 2000) and meat with a lighter color (higher L* value) has been 
associated with a lower pH value (Fletcher, 1999; Qiao et al., 2001).  
pH 
Muscle pH has been associated with several meat quality attributes including color, 
tenderness, water-holding capacity, cooking loss, juiciness, and shelf-life of the product 
(Fletcher, 2002). Postmortem pH is driven by the resting concentrations of lactic acid accretion 
produced during rigor mortis development (Lawrie, 2006). Stress and fatigue before and during 
slaughter have been shown to have a direct impact on pH concentration in meat (Lawrie, 2006). 
After slaughter, pH decline should rest at a value ranging from 5.6 to 5.8 for normal meat color 
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development (Braden, 2013). However, meat color and functionality can be affected by the rate 
of rigor and pH decline in the muscle.  
Previous research by Allen et al. (1997,1998) found that lighter fillets (L* > 50) had 
lower pH values when compared to dark colored fillets (L* < 45). Dark fillets had higher 
marination pick-up with lower drip and cook loss than light-colored fillets. Differences in color 
(light versus dark fillets) can be attributed to preslaughter and handling conditions of birds 
resulting in variation in stress (Froning et al., 1978). Fluctuating levels of stress can then affect 
the pH decline of the meat during rigor (Froning et al., 1978).  
Subjecting birds to long-term stress prior to processing leads to a depletion of glycogen 
storage in the muscle to produce less lactic acid accumulation and deriving a higher ultimate pH 
(Miller, 2002). Ultimate pH (pHu) of a normal breast fillet approximately twenty-four hours after 
slaughter ranges from 5.6 to 5.8 (Braden, 2013). At 15 minutes postmortem (pH15), pH in 
chicken ranges from 6.2 to 6.5 (Duclos et al., 2007). A higher ultimate pH (above 6.2) can result 
in dark, firm, and dry like meat in poultry (Mallia et al., 2000). Previous studies have attributed 
darker color of meat to reflecting less light and absorbing more. The high pH value creates a 
darker appearing fillet as fibers can absorb more light than meat with lower pH values (Swatland, 
2008). Kauffman and Marsh (1987) speculate that darker meat absorbs more light due to higher 
ultimate pH resulting from water molecules that are tightly bound within the meat. Low pH 
values have been associated with low water-holding capacity, high drip and cook loss, decreased 
tenderness, and lighter color values (Northcutt 1994; Barbut 1997, 1998; Zhang and Barbut, 
2005). Low pH15 values (below 6.0) can be attributed to a rapid pH decline which can be induced 
by periods of short-term stress prior to processing (Miller, 2002; Duclos et al., 2007). Short-term 
stress can increase core body temperature and stimulate glycolytic metabolism and protein 
 13 
denaturation resulting in rapid pH decline of the muscle (McKee and Sams,1998; Miller, 2002). 
This rapid pH decline can lead to lower pH values to produce PSE meat. Lower pH leads to 
protein denaturation, a reduction in water-holding capacity, and a greater amount of free-water in 
the meat (Owens et al., 2000; Woelfel et al., 2002). The free water creates a reflective surface 
and does not allow light to be absorbed by the meat, resulting in lighter color values (Miller, 
2002). 
Color can have a significant impact on the preference of poultry meat for a consumer 
(Wideman et al., 2016). Therefore, any variation in color can have the potential to decrease 
acceptance of a product as consumers tend to relate chicken breast with a light pink color in the 
raw state and a bright white color in cooked fillets (Fletcher, 2002). For example, fillets in a 
package at retail should be uniform in color rather than having light and dark fillets in one 
package.  
TENDERNESS 
Tenderness and texture are the two most important factors regarding meat quality to a 
consumer (Fletcher, 2002; Lawrie and Ledward, 2006). Tenderness can be defined as the amount 
of force required to penetrate through a piece of meat (Hopkins, 2017). Meat tenderness strongly 
influences and drives the quality of muscle foods (Coggins, 2012). Measuring tenderness of meat 
can be done objectively by shear and compression force (instrumental) as well as subjectively by 
descriptive sensory panels or by consumer sensory panels. Previously, the most common 
instrumental methods to assess tenderness within the poultry industry included Warner-Bratzler 
(WB) and Allo-Kramer (AK) shear tests (Smith et al., 1988; Owens and Meullenet, 2010). More 
recently, the poultry industry has adopted the use of the Meullenet-Owens Razor Shear (MORS) 
as it is less time intensive for sample preparation and a more budget friendly method to 
 14 
determine tenderness in broiler breast meat (Cavitt et al., 2004; Cavitt et al., 2005; Lee et al., 
2008). The MORS method utilizes a texture analyzer machine with a razor blade to determine 
the shear force (N), shear energy (N.mm), and peak counts (PC) of the product. Blunt Meullenet-
Owens Razor Shear (BMORS) has also been successfully utilized to determine the tenderness of 
poultry meat. Lee et al. (2008) reported that BMORS had a better ability to discriminate among 
tough meat than MORS, but none the less stated that both are efficient methods to predict 
tenderness in broiler breast meat.  
There are several intrinsic factors that can influence the tenderness of meat including the 
amount of connective tissue and cross-linked collagen, the ultimate pH of the meat, as well as the 
contractile state of the muscle (Miller, 2002; Purchas, 2014). Connective tissue, and more 
specifically collagen, can impact the tenderness of meat significantly with the most important 
factors being the amount and type of connective tissue present (Kerth, 2013b). Collagen fibrils 
have high tensile strength and require a greater amount of force to break through when severe 
accumulation is present. Meat that has a greater concentration of connective tissue and cross-
linked collagen have been associated with tougher meat (Owens and Meullenet, 2010). 
Crosslinked fibers that have complex intermolecular bonds impact tenderness the most and these 
increase with the age of the animal (Coggins, 2012; Kerth, 2013b). Therefore, tenderness 
generally decreases as animals age due to increased heat stable crosslinks (Owens and Muellenet, 
2010). Collagen crosslinks are heat stable and are unable to change from a solid state during the 
cooking process. This means that they will not be broken down into liquid gelatin during the 
cooking process which can result in tough meat (Owens et al., 2004; Kerth, 2013b).  
The ultimate pH paired with the contractile state of the muscle can also impact the 
tenderness of the meat, both of which are influenced by the process of rigor mortis. Muscle with 
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a low amount of lactic acid results in a decreased rate of rigor and thus a higher ultimate pH 
(above 6.2) which can result in tougher meat due to reduced ATP depletion and formation of 
actomyosin bonds. (Lawrie, 1998). The contractile state of the muscle impacts the tenderness of 
the meat as shorter sarcomere lengths (greater state of contraction) have been associated with 
tougher meat (Owens et al., 2004).  
Extensive sarcomere shortening can occur as a result premature deboning before the 
process of rigor has been completed. In previous studies, sarcomere length has been shown to be 
shorter at earlier deboning times as the process of rigor mortis remains incomplete. Cavitt et al. 
(2004) reported significant differences in sarcomere length at deboning times ranging from 0.25 
hours to 24 hours postmortem, with those deboned at 0.25 hours having significantly shorter 
sarcomere lengths than those at 24 hours. There were also significant differences in sensory 
attribute of mastication of breast fillets between deboning times, as deboning time progressed, a 
decrease in initial muscle hardness was observed. Sensory attribute of initial hardness was 
strongly correlated (r = 0.84) with razor-blade shear force energy. This was most likely due to 
the completion of the rigor mortis process and the ATP depletion which resulted in less muscle 
shortening (Cavitt et al., 2004). 
Toughness due to rigor shortening can be explained by the increased overlap of the 
myosin and actin filaments (Ertbjerg and Puolanne, 2017). The overlap of these filaments create 
cross-bridges of actomyosin that extend across large portions of the myofibril contributing to the 
toughness of meat as they require greater force to break. Rigor shortening toughness can also be 
explained by the simple concept that as the muscle is taken away from the skeleton, there is no 
restraint to keep the muscle from shortening with contraction continuing until rigor has resolved 
(Cavitt et al., 2004). 
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Sarcomere shortening can also occur due to thaw rigor and cold shortening. Thaw rigor 
can result in toughness due to the strong contraction upon thawing if the muscle is frozen pre-
rigor completion. (Ertbjerg and Puolanne, 2017) The strong contraction upon thawing is due to 
the build of the Ca2+ and ATP in the muscle fibers. Cold shortening takes place when muscles 
are exposed to temperatures near freezing (approximately 12 degrees Celsius) prior to the 
completion of rigor mortis (Hopkins, 2017). Much like thaw rigor, cold shortening arises from 
the increased amounts of Ca2+ as well as the low temperature.  
Postmortem aging prior to deboning has been shown to increase meat tenderness and 
produce a higher quality product (Sams and Owens, 2010). These authors also suggest that to 
improve the tenderness of meat, carcasses should be aged for a minimum of 4 hours postmortem 
before starting the deboning process (Sams and Owens, 2010). However, the aging process is 
expensive due to time and labor requirements, and the industry standard is to debone as early as 
one and a half to two hours postmortem (Brewer et al., 2012). Due to the inability to age meat to 
the optimal debone time, other methods are used to improve the tenderness and quality of the 
meat. Marination and postmortem electrical stimulation are two of the most common techniques 
used to reduce the toughness of meat (Sams, 1999; Alvarado and Mckee, 2009). Marination 
utilizes salt and optionally phosphate to increase the water-holding capacity of the meat and thus 
the juiciness and tenderness of the product. Salt and phosphate within the marinade solution 
increases the number of charged sites and opens the space between the protein molecules to 
allow for more water binding potential (Smith and Acton, 2010). Postmortem electrical 
stimulation accelerates the depletion of ATP, resulting in an earlier onset of rigor mortis, as well 
as creating muscle contractions stimulating filament tears that can reduce the integrity of the 
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protein network of the muscle (Sams and Owens, 2010).  
WATER HOLDING CAPACITY  
 Water-holding capacity (WHC) can be defined as the ability of meat and meat products 
to bind or retain water during slicing, mincing, and pressing as well as transport, storage, 
processing, and cooking. (Alberle, 2001; Warner, 2017). Muscle composition is approximately 
75 percent water, where muscle is made up of 85 percent myofibrils; therefore, most of this 
water is associated with the myofibrils of the muscle (Warner, 2017). Water predominately 
resides in the spaces between the thick and thin filaments of myofibrils (Hertog-Mieschke et al., 
1997).  
There are four different types of water within the muscle: bound, immobilized, free, and 
extracellular. Bound water makes up less than 1 percent of the total water in the muscle and is 
tightly bound by proteins (Alvarado and Owens, 2005). Since the water is tightly bound, it is 
resistant to heating and freezing and has reduced mobility (Lawrie, 2006). Immobilized water is 
held in place through the attraction to bound water and does not easily leave the muscle 
structure. However, immobilized water can be removed by drying or can be lost during the rigor 
process or a change in the protein structure (denaturation through cooking) (Lawrie, 2006). Free 
water is water that can be released freely from the product under the right conditions (Lawrie, 
2006). Extracellular water is the water that escapes from the muscle cell structure as “purge” 
(Apple and Yancey, 2013). Purge or drip loss can be defined as the pink-red liquid that expels 
from the cut surface of meat products that contains sarcoplasmic proteins, lactic acid, and 
myoglobin (Apple and Yancey, 2013).  
 Drip loss or purge is partially due to the shrinkage of myofibrils after death causing water 
to be expelled from the spaces in between the thick and thin filaments into the extracellular space 
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(Hertog-Meischke et al., 1997). Shrinkage of myofibrils can be partially explained by the 
postmortem pH decline because the charge of the filaments is reduced and the space between the 
filaments begin to shrink (Hertog-Meischke et al., 1997). Another contributing factor to the 
shrinkage of myofibrils, and thus drip loss, is the formation of the actomyosin bonds during rigor 
mortis (Alvarado and Owens, 2005). The formation of the bonds is due to the thick and thin 
filaments coming closer together, reducing the space for water between the myofibrils (Hertog-
Meischke et al., 1997). 
Denaturation of myosin can also contribute to drip loss. The denaturation of the thick 
myosin filaments can cause the myosin head length to decrease which pulls the thick and thin 
filaments closer together, reducing space for water (Hertog-Meischke et al., 1997). The amount 
of drip loss has been associated with meat myopathies such as PSE and DFD meat. Pale, soft, 
and exudative meat has a higher drip loss, lower water holding capacity, and a low pH value. 
Dark, firm, and dry meat has a lower drip loss, higher water holding capacity, and a higher pH 
value resulting in a dry, tough product. Both myopathies and their altered water holding 
capacities can be attributed to postmortem pH decline of the meat, the shrinkage of myofibrils, 
and protein denaturation. 
COOK LOSS 
 Cook loss is the decrease of volume and weight during the cooking process of meat by 
the expulsion of fluid (Purslow et al, 2016). Fluid expulsion is due to the denaturation of proteins 
which causes a structural change, expelling fluid from the meat (Rowe and Kerth, 2013). Many 
factors influence the amount of fluid lost during cooking such as cooking method, cooking 
temperature, and the raw meat quality, and size of the product (Aaslyng et al., 2003; Rowe and 
Kerth, 2013). Cooking loss is an important aspect of meat quality because it influences the 
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juiciness and appearance of a product which contribute to consumer acceptability and the eating 
quality of meat (Aaslyng et al., 2003).  
 Raw meat quality (water-holding capacity and pH values) (Aguirre et al., 2018) as well as 
cooking methodology and temperature (Barbanti, 2004) have a large influence on the cook loss 
of a product. Higher cooking temperature will result in a higher cooking loss as a larger amount 
of water can be driven out of the muscle (Rowe and Kerth, 2013). pH of the meat can also 
greatly influence the cooking loss of a product. The isoelectric point of meat is approximately 
5.1, meaning that when meat is at this pH value the net charge of the protein is in equilibrium 
(Alvarado and Owens, 2005). At this pH, less water will be able to bind due to a decrease in 
electrostatic charges available to hold onto water in the muscle matrix. It is important that the pH 
value is above the isoelectric point to increase the water-binding potential of meat and thus 
decrease the amount of fluid lost during cooking (Rowe and Kerth, 2013). 
 Size of the product being cooked can also affect the amount of cook loss. A study 
conducted by Fanatico et al. (2005), compared the cook and drip loss of small and large breast 
fillets from slow and fast-growing birds. Results showed that larger breast fillets had less drip 
and cook loss percentages when compared to smaller breast fillets. It was noted that larger breast 
fillets may lose less water during cooking because larger breast fillets are thicker which results in 
less water loss. Lonergan et al. (2003) also compared cook loss among breast fillets from 
different strains of various sizes and reported larger fillets to have less cook loss than smaller 
fillets.  
EFFECT OF GENDER, STRAIN, AND AGE ON MEAT QUALITY  
 Many factors including gender, strain, and age can impact meat quality attributes such as 
water-holding capacity, pH, tenderness, and color (Northcutt et al., 2001; Mehaffey et al., 2006; 
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Brewer et al., 2012 a,b; Petracci et al., 2013). With the growing demand of fast-food segment 
poultry products, the industry is pushing birds to a larger carcass size to produce larger bone in 
products. However, specific fast-food segments still desire certain size fillets for products like 
chicken sandwiches which are more in line with small carcass sized yields. This creates the need 
for portioning of breast meat due to the use of a bigger bird and thus a larger breast fillet. This is 
important to meat quality because in order to meet the needs of the industry, various genetic lines 
and various age birds of different sexes can be used to produce these desired products.  
 Previous research has demonstrated the impact of gender on meat quality. Lopéz et al. 
(2011) investigated the effect of sex and strain on meat quality characteristics. At 24 hours PM, 
females had a significantly lower pH than males. Schneider et al. (2012) also reported females to 
have a significantly lower pH than males as well as females to have a higher drip loss and 
lightness value than males. Brewer et al. (2012) reported male fillets to require higher MORS 
energy than female fillets. The differences in meat quality attributes such as pH, WHC, and color 
between sexes are important to note as these factors contribute to the functionality of the meat as 
well as the consumer acceptability of the product.  
 Strain is also an influencer on meat quality. In a study conducted by Petracci et al. 
(2013a), two commercial hybrid lines were compared. Standard breast-yielding (SY) birds had a 
lower pH than HY (5.97 vs 6.07), SY had a significantly lower drip loss value than HY (2.06 vs 
2.46%), HY had significantly higher Allo-Kramer shear force values than SY (2.59 vs 2.11 
kg/g). Brewer et al. (2012) reported strain to have a significant impact on breast meat pH at 2- 
and 4-hours PM deboning time, however reported no significant differences at 6 hours PM 
deboning time. Brewer et al. (2012) reported strain to have a significant impact on color 
measurements of breast fillets. Previous research by Mehaffey et al. (2006) also reported strain to 
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have a significant impact on meat quality of breast fillets. Meat quality attributes of five 
commercial genetic strains were compared at various deboning times (2, 4, 6 hr PM) and results 
concluded significant differences for pH, L* value, drip loss percentage, cook loss percentage, 
and shear energy (Mehaffey et al., 2006) among strains at all of the evaluated deboning times. 
The differences in meat quality attributes among strain is important to note for economic impact 
and balancing the importance of yield and quality. 
 Age is a factor that significantly impacts meat quality. Older birds are associated with a 
larger carcass size, which may be used in portioned products so understanding the change in 
quality as a bird ages is essential. A study by Northcutt et al. (2001) evaluated breast fillet 
quality from seven different age categories of broilers for both sexes. The study concluded that 
both age and sex affected fillet quality in terms of tenderness which is to be expected as carcass 
size is significantly affect by sex which was also supported by Brewer et al. (2012). Older birds 
(49 to 51d) were considered “very tough” whereas younger birds (42 to 44d) were “slightly 
tough” to “slightly tender”, suggesting that increasing age can have a negative impact on 
tenderness of the product. 
WHITE STRIPING 
 White striping (WS) is a breast myopathy that has recently affected the industry in a 
negative manner as research has shown that fillets with moderate or severe degrees of white 
striping are undesirable to consumers based upon appearance (Kuttappan et al., 2012a). Fillet 
acceptance with white striping has declined as consumers associate WS with a fillet having a 
marbled appearance that is associated with fattier meat; however, consumers generally associate 
chicken breast fillets with a healthier, leaner, less fatty choice of protein (Kuttappan et al., 
2012a).  
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The white striping myopathy is categorized as the occurrence of white striations running 
parallel to muscle fibers in poultry breast fillets and thighs (Petracci et al., 2019). Based on the 
thickness and amount of the striations present in the fillet, the severity of the myopathy can be 
separated into three groups: normal (NORM), moderate (MOD), and severe (SEV) (Kuttappan et 
al., 2012b; Kuttappan et al., 2013). These white striations are made up of excess lipids and 
connective tissue that replace damaged muscle fibers (Kuttappan et al., 2016). Damage of these 
muscle fibers and the incidence of white striping can be attributed to the increased live weight 
and breast yields that the poultry industry has recently shifted focus too (Kuttappan et al., 2016).  
Researchers have shown many factors that can directly impact the incidence of WS 
including sex, growth rate, diet, bird live weight, and breast yield (Kuttappan et al., 2012a,b,c; 
Kuttappan et al., 2013; Petracci et al., 2013b; Lorenzi et al., 2014; Petracci et al., 2015). Previous 
studies have concluded that heavier body weight (Kuttappan et al., 2013; Russo et al., 2015) as 
well as heavier and thicker breast fillets (Kuttappan et al., 2013; Petracci et al., 2013b) have a 
greater incidence of white striping. Sex has also been a factor in the occurrence of white striping 
as males generally express a higher incidence of the myopathy than their female cohort (Russo et 
al., 2015). Diet has been shown to affect the severity of white striping such as a high versus low 
energy and the inclusion of dietary additives at a higher level. In a study by Kuttappan et al. 
(2012b), birds fed a high energy diet had a greater percentage of fillets with severe white striping 
than those fed a low energy diet. The effects of different levels of dietary vitamin E on the 
severity of white striping has also been studied (Kuttappan et al., 2012c). It was hypothesized 
that adding additional dietary vitamin E into broiler diets would help prevent the propagation of 
free radicals and avoid damage to the proteins (Kuttappan et al., 2012c). However, no evidence 
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was reported that supported feeding higher levels of vitamin E would decrease the incidence of 
white striping (Kuttappan et al., 2012c).  
White striping not only creates a problem in terms of appearance for the consumer, but it 
has also been shown that fillets with high degrees of white striping have an altered chemical 
composition and decreased protein functionality when compared to normal breast fillets (Petracci 
et al., 2014). In a study completed by Mudalal et al. (2014) breast fillets with the white striping 
myopathy had a higher moisture percentage, higher intramuscular fat percentage, higher collagen 
percentage, and a lower protein percentage when compared to normal breast fillets. Fillets with 
WS have also been shown to have a higher cook loss percentage than normal fillets indicating a 
decrease in water-holding capacity and protein functionality that directly impact the eating 
quality of a product (Petracci et al., 2013b; Mudalal et al., 2014; Bowker and Zhuang, 2016). 
Fillets affected by the white striping myopathy have shown to have an increased pH value 
(Bowker and Zhuang, 2016). Not only do these factors decrease the eating quality of the product 
but also the functionality of the meat in further processed products as well as the quality of those 
further processed products. Due to the increase in fat content and decrease in protein content of 
white striped fillets as described by Kuttappan et al. (2012a), protein functionality is reduced 
which can create a problem in further processed products (Tijare et al., 2016). White striping has 
also shown to influence color values of breast fillets. Kuttappan et al. (2013) reported fillets with 
a severe degree of white striping have increased b* values and hypothesized that this could be 
due to the increased fat percentage of the fillet giving off a more yellow appearance 
WOODY BREAST  
 Woody breast can be defined as pale expansive areas of substantial hardness which is 
often accompanied with white striations (white striping) of the Pectoralis major muscle (Shivo et 
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al., 2014). Shivo et al. (2014) also noted that, macroscopically, woody breast can be associated 
with a viscous material covering the breast as well as small hemorrhages present on the surface 
of the muscle. Woody breast is negatively impacting the industry creating great economic loss 
due to customer complaints regarding fillets affected by this myopathy resulting in downgrades 
and condemnations of the product (Tijare et al., 2016). Shivo et al. (2017) observed that woody 
breast lesions (paleness, hardness, and hemorrhaging) begin in a focal area and spread outwards 
as birds age. Birds of an older age (42 days) had more severe lesions than those at a younger age 
(18 days). The detection of physical hardness of woody breast can be detected using a manual 
palpation method of the Pectoralis major muscle (Shivo et al., 2014; Clark and Velleman, 2017) 
and the severity can be categorized into four groups: normal, mild, moderate, and severe as 
described by Tijare et al. (2016). Genetic selection for increased growth rates and higher breast 
yields have had a significant contribution to the onset of woody breast in chicken. (Bailey et al., 
2015; Tijare et al., 2016). 
The etiology of the woody breast myopathy has been studied extensively in the past few 
years; however, true domain etiology is still not fully understood (Petracci et al., 2019). Factors 
that are believed to play a role in the development of this myopathy include hypertrophy of 
muscle fibers, compromised blood and oxygen supply to the muscle tissue, and hypoxia of the 
muscle (Petracci et al., 2019). Previous studies have shown woody breast to display polyphasic 
regenerative myodegeneration and necrosis of the muscle tissue, paired with an increased 
amount of connective tissue accumulation resulting in fibrosis when investigated microscopically 
(Shivo et al., 2014; Shivo et al., 2017).  
 It has been hypothesized that the hardness associated with woody breast could be due to 
the fibrosis or accumulation of cross-linked connective tissue such as collagen (Velleman and 
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Clark, 2015; Velleman et al., 2017). Velleman and Clark (2015) suggested that the hardness of 
woody breast may not come from just the accumulation of the cross-linked collagen fibers, but 
also the collagen structure and organization. Velleman and Clark (2015) compared the woody 
breast myopathy in two fast growing lines and a slower growing line and found that while line a 
and b (fast growing) both showed significant fibrosis, the collagen fibril arrangement and 
distribution were different. They hypothesized that this difference in collagen organization could 
be due to the expression of extracellular matrix proteoglycan decorin, which is responsible for 
the regulation of collagen crosslinking.  
Histologically, samples collected from fillets displaying macroscopic woody breast 
characteristics have shown an increase in myofiber diameter and a decrease in connective tissue 
spacing between those myofibers (Velleman et al., 2017; Clark and Velleman, 2017). Sarcomere 
changes have also been observed by researchers in woody breast muscle. Sarcomere length 
collected from the cranial region of the breast fillet are longer for severe woody breast than those 
of normal breast fillets (Tijare et al., 2016; Sun et al., 2018). Due to these findings, conclusions 
can be made that woody breast hardness is not due to a decrease in contractile state of the muscle 
(Tijare et al., 2016). The exact cause of the increase in sarcomere length in fillets with severe 
myopathies is unknown; however, Tijare et al. (2016) suggested that it may be due to increased 
collagen and altered myofibrillar structure which may prevent shortening from occurring as a 
result of prerigor deboning.  
In a study by Aguirre et al. (2018), normal and severe woody breast samples were 
collected and texture attributes as well as functional properties were compared between the two 
treatments using different cooking methods (grill and convection oven baking). Both treatments 
were marinated, vacuum packaged for frozen storage, and then thawed before being cooked to 73 
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degrees Celsius using the two cooking methods. In terms of meat quality, the woody breast 
myopathy has been associated with a higher pH value, decreased water-holding capacity, lighter 
color value, altered texture, higher compression and shear force values, reduced marinade 
uptake, and increased drip and cook loss (Mazzoni et al., 2015; Soglia et al., 2016; Tijare et al., 
2016; Kuttappan et al., 2017; Cai et al., 2018; Sun et al. 2018;). Aguirre et al. (2018 reported that 
severe woody breast had a higher cook loss percentage than normal fillets, but no interactions 
were observed between cooking method and the muscle category of the meat (Aguirre et al., 
2018). Overall, there was a higher cook loss from breasts using the grill method than the 
convection oven method. The higher cook loss values of woody breast fillets can be associated 
with lower water-holding capacity in affected fillets. Lower water-holding capacity of woody 
breast fillets can be associated with the increase of connective tissue, and the decrease of 
myofibril proteins that reduce the ability of the meat to bind water (Mazzoni et al., 2015; Petracci 
et al., 2013a, b). 
In terms of functionality, severe woody breast has been associated with a lower marinade 
retention, higher pH, and higher color values when compared to normal fillets (Kuttappan et al., 
2017; Agurrie et al., 2018; Cai et al., 2018). Due to these woody breast characteristics resulting 
in reduced eating quality and appearance of fillets, they are often downgraded and used in further 
processed products that results in an economic loss for the industry (Bailey et al., 2015; Petracci 
et al., 2015). Woody breast fillets also have a different chemical composition and decreased 
nutritional quality when compared to normal fillets. Mazzoni et al. (2015) reported that fillets 
with moderate and severe woody breast lesions had a higher moisture and fat content and a lower 
protein percentage when compared to normal fillets and attributed these chemical changes to the 
degeneration of muscle fibers. Woody breast (WB) is characterized as having pale areas of 
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substantial hardness accompanied by white striations (Shivo et al., 2014). These areas of 
substantial hardness are believed to be a result of the replacement of myofibers with extracellular 
matrix proteins, specifically fibril-forming collagens (Tonniges, 2019). The addition of this 
increased collagen in woody breast fillets alters the taste and texture of the meat for the 
consumers in an unfavorable manner. In addition to the altered appearance, taste, and texture of 
the meat, woody breast fillets have deviated functionality characteristics including higher pH, 
decreased water holding capacity, and lighter color values (L*) (Mudalal et al., 2014b; Tijare et 
al., 2016; Cai et al., 2018).  
SPAGHETTI MEAT  
 Spaghetti meat (SM) is a relatively new muscle abnormality that results in altered 
structural integrity from separation of the muscle fiber bundles of the Pectoralis major muscle 
(Baldi et al., 2018; Petracci et al., 2019). It has been hypothesized that SM mainly effects the 
connective tissue within the perimysium which leads to large intracellular spaces (Baldi et al., 
2018). The altered structure of SM impairs the appearance of the breast fillet resulting in 
downgrades and thus economic losses for the industry (Baldi et al., 2018). In recent research, SM 
has been associated with heavier fillets, greater drip loss, and a higher b* value as well as altered 
chemical composition such as increased soluble collagen (Tasoniero et al., 2020). Mallmann 
(2019) reported SM occurrence to be impacted by sex and age with lighter weight females being 
more severely affected by the myopathy, which is contrary of the findings of Baldi et al. (2018) 
who reported SM to be associated with heavier breast fillets. Mallmann (2019) concluded 
females to have three times the occurrence of SM myopathy when compared to males and the 
incidence of the myopathy to decrease with age which is opposing of the typical trends observed 
with other myopathies such as woody breast which generally increase with age.  
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NEED FOR RESEARCH 
 With the demand for poultry products only continuing to grow, the industry is producing 
a bigger, higher yielding bird faster than ever before. While the increased growth rates are 
allowing for better yields and thus more product for consumers, muscle myopathies and 
decreased meat quality are continuing to become more prominent. These muscle myopathies 
such as woody breast, spaghetti meat, and white striping are the root of consumer complaints 
regarding the raw meat and cooked meat quality of breast fillets, often resulting in decreased 
acceptability. Breast meat that is affected by these myopathies is often downgraded or even 
condemned, resulting in an economic loss for the industry (Kuttappan et al., 2016; Caldas-Cueva 
and Owens, 2020).  
The industry needs to find a balance between yield and quality to maximize profit. In 
order to complete this task, the trends of myopathies along with changes in quality over time in 
relation to growth rate, sex, strain, and other factors needs to be understood. Therefore, the 
objective of this study was to observe the changes in meat quality and their associated factors 
along with the progression of muscle myopathies over time at different processing weights 
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CHAPTER 2: EVALUATION OF MEAT QUALITY PARAMETERS OF FOUR 























MATERIALS AND METHODS 
Animal Husbandry  
All animal handling procedures were approved by the Institutional Animal Care and Use 
Committee at the University of Arkansas (protocol 20016). Approximately 1,800 broiler chicks 
were obtained from local primary breeder hatchery on day-of-hatch. Two hundred sixteen chicks 
(108 per sex) were used per 4 commercial strains chosen: two standard yielding (SYA and SYB) 
and two high yielding (HYA and HYB). Chicks were sorted for quality, sexed, vaccinated, and 
then packaged for transport by hatchery personnel and taken to the University of Arkansas 
research farm located in Fayetteville, AR. Upon arrival at the farm, chicks were group weighed 
and were placed in pens (12 chicks per pen) according to a complete random experimental 
design. The house consisted of 144 0.9 x 1.2 m floor pens (0.08m2 per bird), top dressed with 
pine shavings, nipple drinker water lines, and an individual feeder. Eighteen sex separate pens 
were placed per four commercial strains. At 42 days of age, birds were culled via random 
selection to 10 per pen to meet stocking density requirements. Feed and water were provided ad 
libitum, with diets provided in four feeding phases: starter (D0 to D14), finisher (D14 to D28), 
withdrawal I (D28 to D42), and withdrawal II (D42 to end of trial). Diets were formulated to 
meet or exceed nutritional requirements based on primary breeder recommendations, though the 
same formulation was used for all strains in this study. Lighting schedule was 24L:0D from Day 
0 to 1, 23L:1D from day 1 to 7, and 18L:6D day 7 to end of trial. Temperature was 32ºC at day 
of placement and was set on a curve to decrease by 2ºC every seven days until the end of trial. 
Daily bird care consisted of morning and evening checks to assess bird well-being, house 




Whole pens selected at random for processing (on a given day) were weighed 24 hours 
prior to being processed. All birds in a pen were processed and three pens per strain per sex were 
processed at each target weight. Birds were processed at 6 different target weights ranging from 
2043g to 4313g in 454g increments. Due to unforeseen circumstances, females were only 
processed at 5 of the 6 set target weights. Days of age at processing were determined for each 
weight category using primary breeder performance guides for the four commercial strains in 
this study. Prior to processing, a 10-hour feed withdrawal period was utilized before catching 10 
birds per pen which were transported to the pilot processing plant (<0.5 mile). Birds (n=1308) 
were processed using an inline processing system at the University of Arkansas pilot processing 
plant. Birds were hung on shackles, stunned (10 mA of DC current for approximately 15 
seconds), exsanguinated by manually severing the carotid artery, scalded (133ºF for 2 minutes), 
and defeathered according to Mehaffey et al. (2006). Carcasses were then eviscerated and rinsed 
before being placed into a pre-chill tank at 12ºC for 15 minutes. Carcasses were moved to 
immersion chill tanks held at 1ºC and were manually stirred to increase chilling efficiency 
(Tijare et al., 2016). Chill tanks were placed into a walk- in cooler held at 4ºC for a 2.5-hour chill 
time. The chill time used throughout the study was selected based on dwell times needed for 
larger carcasses. Tanks were then drained, and carcasses were weighed and deboned at 3 hours 
post-mortem. After cutup, carcass parts (breast, tenders, wings, leg quarter, rack) were weighed. 
Pectoralis major and Pectoralis minor muscles were then subjected to further analysis consisting 
of woody breast, white striping, and spaghetti meat scoring, woody tender and feathered tender 
scoring, fillet dimensions, water holding capacity measured by drip and cook loss, color 




Measurements of whole breast fillets were made to determine fillet dimensions as 
described by Mallmann (2019) and Maynard (2020). Fillets were placed dorsal side down and 
three measurements values were recorded. Length, width, and thickness were measured using a 
calibrated digital caliper (Model 500-764-10* IP67, Mitutoyo U.S.A., Aurora, Illinois, U.S.A.). 
Thickness was determined by measuring the depth at the thickest portion of the cranial region. 
Length was measured across the left side of fillet from cranial to caudal region at longest part. 
Finally, width was measured across fillet at one-third the total length previously determined 
(Figure 1).  
Muscle Myopathies 
Breast fillets were scored for woody breast (WB), white striping (WS) , and spaghetti 
meat (SM) myopathies. Whole fillets were scored for woodiness or hardness of the muscle based 
on a scoring system developed by Tijare et al. (2016). The scale used ranged from 0 to 3 in 0.5 
increments. A score of 0 to 0.5 is categorized as normal with the fillet being flexible through the 
cranial, medial, and caudal regions. A score of 1 to 1.5 is mildly woody displaying hardness 
primarily in the cranial region of the fillet. A score of 2 to 3 is recognized as moderate and severe 
woodiness, respectively, with a fillet having qualities of being inflexible and having a rubber-
like, hard consistency throughout all regions, though moderate woody breast has some flexibility 
in the middle region and a severe woody breast is rigid throughout the fillet. Fillets were also 
scored for white striping using a scoring system ranging from 0 to 3 in 0.5 increments 
(Kuttappan et al., 2012). A score of 0 to 0.5 is categorized as normal displaying none to slight 
amounts of striping. A score of 1 to 1.5 is considered moderate displaying striping <1mm thick. 
A score of 2 to 3 is severe displaying heavy striping 1-2 mm thick or larger. Presence (1) or 
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absence (0) of the SM myopathy was also recorded as described by Mallmann (2019). Tenders 
were scored for hardness (WT), and separation/gaping between fibers and is referred to as 
“feathering” (TF), representing common industry terminology. For woody tender, the scoring 
system was a 0 to 2 scale with 0.5 increments as follows: tenders with no noticeable hardness 
were given a score of 0, hardness occurring in the cranial region were categorized a score 1, and 
tenders exhibiting hardness throughout the cranial and caudal regions received a score of 2 as 
described by Maynard (2020; Figure 2). Tenders were evaluated for feathering (TF) with a 
similar scoring system as originally described by Soglia et al. (2019) and then modified by 
Maynard (2020). The scoring system ranged from 0 to 2 with 0.5 increments. A tender receiving 
a score of 0 had no fraying, a score 1 had moderate fraying, and a score 2 had severe fraying or 
gapping of the muscle fibers (Figure 3). All myopathy scoring procedures were completed by 
one single trained personnel to maintain consistency throughout the trial. After muscle 
myopathies were scored, all fillets were placed on trays, covered with plastic, and put into a 4ºC 
walk-in cooler for storage overnight.  
Color 
At 24 hours post-mortem, color measurements were made on the left side of the fillet, dorsal 
surface (bone side). Measurements were made using a calibrated CM-400 Chroma Meter 
(Konica Minolta., Ramsey, N.J., U.S.A), set to a 2-degree observer. Three separate L*, a*, and 
b* measurement values were collected at three locations on the fillet consisting of the cranial, 
medial, caudal regions (Brewer et al., 2012 a, b; Kuttappan et al., 2013a). The CIE method was 
used, the L* value being the lightness value ranging from 0 to 100 (black to white) and a* and b* 
values ranging from -120 to +120. The a* value is related to the redness expressed in the product 
ranging from green (negative values) to red (positive values). The b* value is the degree of 
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yellowness in the product, ranging from blue (negative values) to yellow (positive values) (Yam 
and Papadakis, 2004). Measurements were then recorded and averaged to obtain an overall color 
value for each fillet in regards to L* (lightness), a* (redness), and b* (yellowness) of the product. 
pH 
Muscle pH was determined using a spear tip probe (Model 205, Testo Instruments, West 
Chester, Pennsylvania, U.S.A). pH was assessed by inserting the probe near the wing joint of the 
left side of the fillet (Brewer et al., 2012 a, b; Kuttappan et al., 2013a). After a value was 
displayed for three seconds without fluctuation, results were recorded.  
Water Holding Capacity (WHC)/Drip Loss 
 After scoring myopathies, whole fillets were placed on plastic trays and wrapped with 
plastic liners to minimize surface drying. Fillets were then placed in a walk-in cooler and held 
overnight at 4ºC. After 24 hours, fillets were removed and weighed to determine percent drip 
loss. Drip loss was calculated as a percent by weight in relation to deboned fillet weight as 
described by Maynard (2020).  
Cook Loss 
 Fillets were split into halves and the left side was discarded. The right side of the breast 
was retagged, weighed, and placed into vacuum seal bags to be stored at -20ºC until texture 
analysis. After completion of the trial, fillets were removed from the freezer and allowed to thaw 
for 48 hours in a 4ºC walk-in cooler. Samples were removed from vacuum seal bags and 
weighed. Fillets were placed (6 to 8 per pan depending on size) on wire cooking racks in (65 x 
395 x 290mm) cooking pans lined with aluminum foil. Samples were arranged in pans based on 
pre-cook weights to help with more uniform cooking. Samples were cooked according to 
methods described by Sams (1990) and modified by Mehaffey et al. (2006). Eight pans were 
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placed in a convection oven per cook. Fillets were cooked at 177ºC until they reached an internal 
temperature of 76ºC. Once cooked, fillets were allowed to cool to room temperature before 
reweighing (to determine cooking loss percentage) and then fillets were wrapped individually in 
aluminum foil. Samples were placed in a cooler at 4ºC overnight (approximately 24 hours) until 
texture analysis. Thaw loss and cook loss were both determined.  
Texture Analysis 
At 24 hours post cook, samples were analyzed for tenderness using both the Meullenet-
Owens Razor Shear (MORS) as described by Cavitt et al. (2004). A texture analyzer (Model TA-
XT2 Plus, Texture Technologies, Scarsdale N.Y. U.S.A) was used and set to the following 
parameters after calibration: speed set at 5mm/s, trigger force set at 5 g, and depth set to 20mm. 
Force (F, N), energy (E, N.mm), and peak counts (PC) were determined, and shears were 
completed in the cranial (top 1/3) region of the right breast fillet. Three shears were completed in 
the cranial region and averaged for each fillet. The MORS blade was changed every 100 shears 
to prevent dulling (Cavitt et al., 2004). 
Statistical analysis 
 All data were subjected to the mixed model statistical analysis of JMP Pro 15.1 software 
to detect the main effects and subsequent interactions of strain and carcass weight as a factor of 
sex. The randomized design of this experiment provided pen location as the random effect to 
account for variation between replications. Statistical significance was set at P  0.05. Means 
were then separated using Tukey’s HSD test where appropriate. For chi square analysis, 
myopathy scores were pooled together on a whole number basis. Whole number pools then 
placed scores in one of three categories. A score of 0 or 0.5 was set to 0, or the absence of a 
myopathy. A score range of 1 to 1.5 was considered to be mild or moderate in occurrence with a 
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score of 1. Lastly, a score range of 2 to 3 was considered severe and resembled a score of 2. 
Myopathies were then analyzed as percent incidence for each of the three previously listed 
categories and considered on a pen basis.  
RESULTS AND DISCUSSION  
Body Weight and Yields 
In this experiment, 4 commercial strains were compared (2 high-yielding strains and 2 
standard-yielding strains). Results for live weight are reported in Table 1 and 2. Although target 
weight and actual weight were not always similar, weights still increased (P<0.05) as target 
weight increased. For the remainder of this discussion, target weight will be used to describe 
effect of weight on various attributes. For males and females, differences (P<0.05) were 
observed due to strain and target weight for live weight, but no strain x target weight interaction 
(P>0.05) was noted. For males, SYA and SYB had higher live weights (P<0.05) when compared 
to HYA and HYB. For females, SYA, SYB, and HYB were higher than HYA (P<0.05). Previous 
researchers (Young et al., 2001; Mehaffey et al., 2006; Brewer et al., 2012 a, b; Maynard, 2020) 
have determined strain to have a significant influence on body weight as SY strains have a higher 
live weight than HY strains, which are supportive of the results in the current study. 
Yield results from this experiment are reported in Tables 1 and 2. As expected, there 
were significant differences (P<0.05) between strains and target weights of both sexes but  no 
interaction (P>0.05) was observed. Focusing on white meat yield of both the Pectoralis major 
and Pectoralis minor muscles combined, the high breast yielding (HY) strains had higher yields 
(P<0.05) than the standard breast yielding (SY) strains as anticipated. Differences in yields 
among strains have been observed previously (Smith et al., 1998; Corzo et al., 2005; Mehaffey et 
al., 2006; Maynard, 2020). Corzo et al. (2005) compared a HY strain to two multipurpose strains 
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and reported increased white meat yield (breast and tenders) for HY when compared to both 
multipurpose strains, which is supportive of the findings for the current study. These results were 
expected due to genetic selection for higher white meat yield in these specified strains. For the 
high yielding strains, HYA had a higher breast meat yield (P<0.05) than HYB for both sexes, 
however there were no differences (P>0.05) between the two high-yielding strains for tender 
yields of either sex.  
For overall carcass yield (P<0.05), HYA had the greatest yield and SYB was the lowest, 
with SYA and HYB being intermediate (P>0.05) for males. For females, HYA was higher 
(P<0.05) than SYB, however no differences were observed between SYA and HYB or SYA and 
SYB (P>0.05). The lack of difference in carcass yield between SYA and HYB can be attributed 
to variation between growth rate at the cost of genetic profile. Since target weights were the main 
factor being evaluated, a significant difference in processing weight would explain this variation 
in final carcass yield for all target weights. Standard yielding strains had a higher leg quarter 
yield (P<0.05) than both high yielding strains for both males and females which can be attributed 
to the genetic selection of high breast yielding birds for a greater white meat yield. The current 
study supports findings of Zuidhof et al. (2014) who compared 1957 and 1978 commercial lines 
with a 2005 higher breast yielding strain; they also found the leg yields to be lower in the higher 
breast yielding strain. 
With target weight as the main effect, there were differences (P<0.05) for all calculated 
yields (carcass, wing, breast, tender, leg quarter, and rack) for both sexes, as expected. For white 
meat yield previously described (breast and tenders), there were differences (P<0.05) among 
2043g and 4313g weights, showing an increase in yields as target weight increased. These 
findings are supportive of previous research (Young et al., 2001; Mehaffey et al., 2006; 
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Kuttappan et al., 2017; Maynard, 2020) that also reported an increase in breast meat yield as 
body weight increase. 
Fillet Dimensions 
Fillet dimension results are reported for males in Table 3 and females in Table 4. Results 
in this experiment showed that strain had an impact on width and thickness of breast fillets for 
males (P<0.05 for both). This is consistent with results from previous studies conducted by 
Scheuermann et al. (2003), Mehaffey et al. (2006), and Brewer et al. (2012 a, b) who also 
reported that strain had a significant impact on fillet dimensions. The SYA strain was 
significantly wider (P<0.05) than the HYB strain. The HYA was significantly thicker than SYB 
and no differences (P>0.05) in thickness was observed between HYB and SYA. These results 
could be attributed to the unique characteristics and conformational differences of strains due to 
genetic selection. For females, there were differences (P<0.05) for both length and thickness with 
strain as the main effect. The HYA had the shortest fillet length (P<0.05), and there were no 
differences among the other three strains (P>0.05). For thickness, results showed that high breast 
yielding strains were thicker than those of the standard breast yielding stains (P<0.05). As 
discussed in a previous study by Lubritz (1997), fillet thickness has seven times more impact on 
fillet yield than length or width; these current findings support the results of that study, as the 
high breast yielding strains had significantly thicker fillets for both males and females than those 
of standard breast yielding strains.  
With the respective difference in products from the small and big bird market, fillet 
dimensions play an important role in obtaining the ideal product for the consumer. With small 
bird markets being used for predominantly fast-food restaurants, fillets are expected to be smaller 
in size than that of large bird markets where the goal is typically further processed products. In 
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big bird markets, the product is able to be portioned to obtain specifications needed (e.g. specific 
size/weight or shape) whereas in a fast food scenario where small birds are used, fillets need to 
be within certain dimensions (with little or no portioning) to meet the needs of the consumer. 
Standard breast yielding strains are typically used for the small bird market to produce a fillet 
that is the correct size to be used for a whole muscle product, with minimal mechanical 
portioning. such as a sandwich product. High breast yielding strains are used for the further 
processing market where specifications can be met by altering the product by portioning and/or 
further processing.  
Between target weights, there were differences for all three measurements (width, length, 
and thickness) for male and female fillets (P<0.05, Table 2 and 6), as expected. However, an 
interaction of strain x target weight for thickness of male breast fillets was observed (P<0.05). 
No strain x target weight interactions (P>0.05) were observed for measurements of female fillets. 
Contrary to the findings of Mehaffey et al. (2006) who reported that differences in fillet 
measurements did not seem related to body size or breast yield, the current study found that as 
target weight increased, length, width, and thickness for both males and female fillets also 
increased. The differences between Mehaffey et al. (2006) and the current study could be due to 
the variation in strains used as well as the continued genetic advancements of the lines. Another 
contributing factor for the differences in results between Mehaffey et al. (2006) and the current 
study could be the narrow range of bird age (6 to 7 weeks) and thus a narrow range of bird size 
used in the previous study, whereas the current study evaluated a much greater variation in bird 
size/age (5 to 10 weeks).  
There were significant differences between all six target weights for males, with the 
heaviest target weight, 4313g, having the greatest measurement values for all dimensions 
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collected. This trend was consistent within the results for the five female target weights, with 
4313g target weight having the greatest measurement values for thickness, length, and width. 
There were significant correlations between all three fillet dimensions measurements (thickness, 
length, width) and live weight (males: r = 0.92, r = 0.99, r = 0.97, P<0.001, respectively; 
females: r = 0.94, r = 0.98, and r = 0.97, P<0.001, respectively) concluding that as target weight 
increased, fillet dimensions increased as expected (Table 21 and 22). 
Breast Meat Myopathies  
Meat quality from producer and consumer prospective can be measured by multiple 
aspects such as appearance, specifically color, juiciness, pertaining to water holding capacity, 
and eating texture. All myopathies reported in this study can be impacted by these quality traits. 
Recently, there has been an increase in breast meat myopathies such as woody breast (WB), 
white striping (WS), and spaghetti meat (SM) (Kuttappan et al., 2016; Tijare et al., 2016; Baldi 
et al., 2017; Petracci et al., 2019) resulting in incidence rates as high as 35 percent (Kuttappan et 
al., 2016; Tijare et al., 2016). The increase of these myopathies in modern broiler strains has 
been associated with a faster growth rate and a higher breast yielding broiler that the industry is 
now selecting for in order to keep up with consumer demands (Kuttappan et al., 2016). These 
myopathies are creating a challenge for the industry, resulting in economic loss due to 
downgrades and condemnations of product (Mudalal et al., 2014b; Petracci et al., 2019; 
Tasoniero et al., 2020). 
Results for this experiment, reported in table 5 and 6, expressed differences in woody 
breast myopathies due to strain (P<0.05) and target weight (P<0.05). An interaction between 
strain x target weight was also observed for males (P<0.05, Table 15). Additionally, HYA was 
different from HYB, SYA, and SYB (P<0.05). HYA had the greatest mean score for woody 
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breast for both sexes. These results are supportive of findings by Zhang et al. (2021) who found 
variability in woody breast among various common and myopathy selected broiler strains. 
Furthermore, as target weight increased, the mean score of woody breast increased (P<0.05). It 
was also observed that as target weight increased, the incidence of severe woody breast also 
increased. For example, SYB males had an incidence of 10% for severe woody breast at 2497g 
and a 37.04% incidence at 4313g. The same trend was observed for females, SYB had a 0% 
incidence of severe woody breast at 2497g, however, had an incidence of 21.43% at a target 
weight of 4313g (Figure 7). This is supportive of results from Tijare et al. (2016) and Kuttappan 
et al. (2017), who reported a higher value and greater incidence rate for severe woody breast at 
nine weeks of age compared to those processed at six weeks of age. For females, both strain and 
target weight had an impact on woody breast score (P<0.05, Table 10). Female high breast 
yielding strains had greater mean scores for woody breast than the standard yielding strains 
(P<0.05).  
For both males and females, a higher incidence rate of woody breast was observed in HY 
strains than in SY strains. For example, male SYA had an incidence rate of 23.33% severe 
woody breast at 3405g (Figure 4) where as HYA had an incidence of 31.03% at the same target 
weight of 3405g (Figure 8). The same results were observed with females as SYA had a 3.33% 
incidence of serve woody breast at a target weight of 3405g (Figure 5) whereas HYA had 
44.38% at the same target weight (3405g; Figure 9). These findings of Livingston et al. (2018) 
confirm these results as they found that high-yielding strains tend to express a higher mean score 
and incidence of all myopathies when compared to standard-yielding strains. 
Furthermore, thickness was highly correlated with woody breast (WB) score (r = 0.89 for 
males and r = 0.92 for females; Table 21 and 22). These results suggest that as thickness of fillets 
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increase, the probability of WB occurrence increases supporting the idea that myopathies such as 
WB are associated with heavier and thicker fillets (Mudalal et al., 2014c; Dalle Zotte et al., 2017; 
Kuttappan et al., 2017; Mallmann et al., 2020). Length and width of breast fillets were also 
highly correlated to the WB myopathy (males, r = 0.76 and r = 0.75; females, r = 0.80 and r = 
0.82, respectively).  
White striping (WS) is another myopathy generating quality issues and economic loss for 
the industry. It is a condition distinguished by the occurrence of white striations, seen parallel to 
the muscle fibers on breast fillets, tenders, and even some muscles of the thigh (Kuttappan et al., 
2009, 2012, 2013). White striping leads to issues in terms of appearance for consumers as well as 
altered nutritional values (Kuttappan et al., 2012b). Results for WS are shown in Tables 5 and 6. 
There were no differences between strains (P>0.05) for WS score for males, however target 
weight had an impact as the main effect (P<0.05) for males and for females (P<0.05) where WS 
increased as target weight increased. It has been reported that WS, as well as WB, is associated 
with breast fillets that are heavier and thicker (Kuttappan et al., 2013; Mallmann, 2019), and the 
current findings support this claim (males, r = 0.87 and r = 0.84 for WS to BY and thickness, 
respectively; females: r = 0.86 and r = 0.91 for WS to BY and thickness, respectively; Table 21 
and 22).  
As body weight increased, the weight of the breast fillet increased (P<0.05). White 
striping was impacted by strain as the main effect for female breast fillets only (P<0.05) with no 
differences in WS being observed among strains for males (P>0.05). For females, HYA was 
significantly higher than SYA with HYB and SYB being intermediate. Previous studies by 
Kuttappan et al. (2012) and Petracci et al. (2013) both reported that straight run high breast 
yielding strains exhibit a higher degree of WS when compared to standard breast yielding strains. 
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It has been hypothesized that high breast yielding strains have a greater occurrence of 
myopathies due to the increased yield resulting in increased myodegeneration of muscle fibers 
(Shivo et al., 2014). White striping results from an attempt to repair damaged muscle fibers with 
infiltration of excess fat and collagen, which is the reason for altered nutritional (increased fat 
and collagen content and decreased protein levels) properties as well as the decrease in 
functionality for further processing (Kuttappan et al., 2012a; 2012b; 2013; Petracci et al, 2013; 
Mudalal et al., 2014a; Vignale et al., 2017). Therefore, the higher occurrence and severity of WS 
in HY strains is expected.  
 Spaghetti meat (SM) is described as exhibiting an altered structural integrity of the breast 
fillet (Baldi et al., 2017) by displaying separation of the fiber bundles in the Pectoralis major 
muscle (Petracci et al., 2019). Results for strain and target weight effects are shown in Tables 5 
and 6. There were no differences between strain, but target weight, as a main effect, was 
significant (P<0.05) for males. There was a general decrease in mean score of spaghetti meat as 
target weight increased, especially from 2497g to 4313g. Spaghetti meat of female breast fillets 
was impacted by strain and target weight as main effects (P<0.05 for both). HYA had the 
greatest mean score of spaghetti meat while HYB and SYB had the lowest (P<0.05). The greatest 
amount of spaghetti meat was observed at a target weight of 2497g and the lowest at 4313g for 
both sexes. Results from the current study differ from previous findings by Mallmann (2019) 
who reported a peak in the SM myopathy at seven weeks of age and then a decrease thereafter 
(nine and ten weeks) though authors had fewer age intervals than in current study. An earlier 
peak of the myopathy seen in the current study could be due to strain variation as well as the 
utilization of a target weight rather than a target age. Mallmann (2019) also reported a higher 
presence of the myopathy in fillets of females at that age. For males, SYA had the highest 
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incidence of the myopathy present at 2497g (27.59%; Figure 12). At 2043g there was a 10% 
incidence and a 10.34% at 2951g. For SYB, the greatest incidence (30%; Figure 14) was 
observed at 2951g. At 2951g there was a 13.33% incidence and at 2043g there was only a 6.9% 
incidence. For HYA males, there was a 20% incidence at 2043g, 13.33% incidence at 2497g, and 
a 28.57% incidence at 2951g (Figure 16), HYB males had a 6.9% incidence at 2043g, 13.33% 
incidence at 2497g, and a 16.67% incidence at 2951g (Figure 18). For females, SYA had the 
greatest incidence of the myopathy at lighter weights of 20% at 2043g and 30% at 2497g (Figure 
13). SYB had the greatest incidence at 2497g (15%) and 2951g (17.07%; Figure 15). For HYA 
females, a 37.93% incidence was observed at a target weight of 2043g, 53.33% at 2497g, and 
34.48% at 2951g (Figure 17). HYB had the greatest incidence at 2497g of 27.59% followed by 
16.67% at 2951g and 13.79% at 2043g for females (Figure 19).  
While limited research is available regarding the SM myopathy, Baldi et al. (2017) noted 
that spaghetti meat has similar histological features to woody breast and white striping 
myopathies including fiber degeneration, increased fat, and increased connective tissue. 
According to Bilgili (2015), it is possible that the altered integrity of the muscle is due to the 
immaturity of the newly deposited collagen, which is the major component of the connective 
tissue in the muscle. Spaghetti meat myopathy is an important issue in the industry due the 
physical appearance of the raw fillet to consumers (Baldi, 2017; Petracci et al., 2019). Petracci et 
al. (2019) reported that altered meat appearance consisting of disintegration of the meat structure 
is motivation for the consumer to reject the breast fillet, resulting in downgrades or even product 
being discarded. Rejection of the product can result in economic losses for the industry which 
provides the need for ongoing investigation of the myopathy.  
Tender Myopathies  
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Woody breast, WS, and SM are myopathies that are well known in the industry for 
causing quality issues in the Pectoralis major. Recently, processors have noticed similar issues 
affecting the Pectoralis minor or tender. On occasion, tenders exhibit a variation in hardness, 
similar to woody breast fillets. This will be referred to as woody tender (WT) in this study. 
However, it is unknown at this time if there are similar histological features between the two 
myopathies. While little research is currently available regarding this issue, it is possible that 
woody tender could have the same altered texture properties seen in woody breast, which could 
create potential issues for producers. Tender feathering (TF) is similar to the myopathy, 
spaghetti breast, having separation of muscle fibers of the Pectoralis minor. Tender feathering 
condition has been previously described by Soglia et al. (2019) but was referred to as gaping due 
to the similar characteristics between this condition and the defect of “gaping” that affects fish 
fillets. The term “feathering” is commonly used in industry to describe this condition (Maynard, 
2020). The separation of the fibers result in an undesirable appearance and often results in 
downgrades of the product which in turn creates economic loss for the industry (Soglia et al., 
2019). 
Results from the current study, reported in Tables 5 and 6, showed that both strain and 
target weight had an impact on hardness of raw tenders for males (P<0.05 for both). SYA and 
HYA were higher (P<0.05) in mean score than SYB and HYB. As the target weight increased, 
the mean score of WT also increased (r = 0.74), similar to the trend observed with WB (r = 0.79) 
(Table 23). For females, with both strain and target weight as the main effect, there were 
differences of mean score for woody tender (P<0.05 for both); there was an increase in mean 
score of woody tender as target weight increased. HYA was higher (P<0.05) than SYB, and 
HYB and SYA were intermediate (P>0.05). 
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Strain and target weight also had an impact on the mean score of TF in this study (P<0.05 
for both) for males, and an interaction of strain x target weight (P>0.05) was observed. However, 
results were inconsistent with target weight as a main effect for males. While significant 
differences were observed, no trend over time was apparent. HYB was higher (P<0.05) than 
SYB and HYA and SYA were intermediate. Furthermore, there were no differences for TF of 
female broilers with strain nor target weight (P>0.05) as a main effect. It is likely that more 
handling in industry due to travel paths, transfers, time on conveyor belts, as well as further 
processing procedures may all lead to the increase of feathering of tenders in an industry setting. 
It is probable less handling occurred with the tenders in the research setting so under these 
conditions no consistent trend in TF was observed. However, more research is needed to 
determine the true cause of this myopathy. In the study by Soglia et al. (2019), an incidence rate 
of 18.6 percent was reported on a total of 8,600 chickens from 43 flocks processed in a 
commercial facility ranging from 42 to 54 d of age. The high incidence rate reported in the study 
by Soglia et al. (2019) accompanied with the results of reduced meat quality attributes (lower 
pHu, lighter color, impaired WHC) provides a basis for the need to research this trending issue.  
Breast Meat pH 
Muscle pH has been well established as an indicator for several quality issues observed in 
poultry meat. Results in this experiment, reported in Table 7 and 8, showed that target weight 
had an impact for males (P<0.05) and females (P<0.05) on 24-hour postmortem pH. However, 
there was no consistent differences in an overall increase or decrease in pH values across 
weights. With the exception of one weight period, 24 h postmortem pH was similar among target 
weights. For males, the highest pH value was seen at the target weight of 3859g and the lowest 
value was at a target weight of 2497g. For females, the only significantly different value was 
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collected at 4313 g. The reported pH value at 4313g was an average of 5.73 which is still 
considered normal; however, it was a significant decrease from the other four target weight 
values. It is unclear why this decrease occurred; the likely explanation for the large decrease is 
due to the pH probe malfunctioning and providing an incorrect reading. 
Previous research suggests that larger birds with higher breast yield progress through 
rigor at a slower rate than birds with smaller yields (Berri et al, 2001). In this study, as birds 
increased in weight over the study period, it was expected that chilling rate would decrease and 
may impact pH. However, results from this study suggest that post rigor pH is not impacted by 
bird size, but this may be due to the sampling time of 24 h postmortem which indicates more of 
an extent of pH decline rather than a rate of decline. Similar results were observed in a study 
conducted by Lopez et al. (2011) who reported there were no differences among strains in 
respect to ultimate pH. Furthermore, pH values in this this study were within the acceptable 
normal range of 5.6 to 6.0 (Barbut, 1997; Qiao et al., 2001). There were no differences on pH of 
either sexes with strain as the main effect (P>0.05).  
There have been mixed results in the literature. Mehaffey et al. (2006) reported some 
variation in pH measured early postmortem (2 and 4 h postmortem) among broiler strains. In the 
current study, pH was measured at 24 h postmortem which would result in an overall lower pH 
than early postmortem as pH declines as muscle progresses through rigor (Dransfield and 
Sosnicki, 1999). The results of the current study are supported by Berri et al. (2001) who 
reported similar pH at 24 h postmortem in breast meat from two broiler strains selected for high 
body weight and breast yield even when body weight differed. In contrast, Santiago et al. (2005) 
reported differences due to strain where broilers selected for high breast yield had lower muscle 
pH at 24 h PM than broilers selected for overall body growth. Differences between the current 
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study and previous literature is likely due to sampling time of 24 h, sampling of pH over multiple 
weeks (representing differing body weights), and different genetic lines (one to two decades 
difference between studies). Finally, there was no interaction (P>0.05) of strain and target weight 
for either sex.  
With the recent myopathies connected to the selection of a faster growing and higher 
breast yielding bird, studies have also shown altered pH values for conditions such as woody 
breast, white striping, or a combination thereof. A study by Mudalal et al. (2014c) reported fillets 
affected by a combination of WS/WB had a significantly higher ultimate pH value when 
compared to normal fillets or fillets affected by only one of the myopathies. This is significant 
because the pH value is critical to functionality of the meat being associated with water holding 
capacity, moisture levels, and color values as well as reduced yield and high potential for 
spoilage (Newton and Gill, 1981). 
Breast Meat Color 
Meat color plays an important role in the acceptability of the product by consumer, both 
during selection of raw meat in grocery stores and after being prepared at home before 
consumption (Fletcher et al., 1999). Aside from consumer acceptability based on appearance, 
color has also been connected to the functionality of meat during processing relating to the water 
holding capacity, pH values, as well as the texture and shelf-life of the product (Allen et a., 
1998). Differences in meat color and pH have been shown to be related to the preslaughter 
conditions, such as heat stress and variances in struggling when hung (Froning et al., 1978) as 
well as myoglobin content (Brewer, 2004), and muscle myopathies (Aguirre et al., 2018).  
Results for color were reported in Tables 7 and 8. Target weight had a significant effect 
on all 3 color measurements for both sexes (L*, a*, and b*). Heavy target weights (3405g and 
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3859g) had a higher (P<0.05) L* value than that of standard/lighter target weights (2043g, 
2497g, and 2951g) for males, indicating a lighter breast fillet color. For females, differences 
were observed between the lightest (2043g) and heaviest target (4313g) body weights (P<0.05), 
with the 4313g having a much greater L* value than 2043g. This increase may be due to an 
increased severity of woody breast at various target weights (WB mean score of 1.24 at 4313g 
vs. 0.32 and 0.51 for 2043g and 2497g, respectively).  
It has been reported that as target weight increases, woody breast incidence and severity 
increases and it is known that characteristics of woody breast include lighter color and higher pH 
values (Aguirre et al., 2018). In previous research, it has been established that L* values and pH 
have a significant relationship (r = -0.79, P<0.01) indicating that as pH declines, L* values 
increase, resulting in a lighter meat color (Barbut, 1997). A different pH value (P<0.05) of 5.73 
was observed at a target weight of 4313g when compared to target weights 2043g through 3405g 
(5.92 at 2043g to 5.73 at 4313g) for females. As previously mentioned, the large drop in pH may 
be due to a malfunctioning pH probe. However, it is also possible that the large decrease in pH 
was due to increased muscle temperatures as a result of core body temperature variation on the 
back dock and the difficulty associated with effectively chilling larger carcasses (Petracci and 
Cavani, 2012). Aside from these possible causes and an effective probe, the lower pH value 
could be another contributing factor to females exhibiting significantly lighter L* fillets at 4313g 
(Owens et al., 2000). Additionally, a* values generally increased as target weight increased 
(P<0.05) which indicated a redder fillet for females.  
In males, a linear trend for a* values were not observed. The lowest a* value reported 
was at a target weight of 2951g and the highest was at 3859g. In terms of target weight, b* 
values were impacted (P<0.05) and increased in value for both males and females as target 
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weight increased. With strain as the main effect, there were differences for L* and b* values but 
there were no differences in a* values for both sexes. In regards to L* values, SYA fillets were 
lighter (P<0.05) than SYB, however there were no differences (P>0.05) between HYA and HYB. 
For females, HYB had the greatest b* value and SYB and HYA had the lowest. For males, SYA 
and HYB were the highest values and HYA was the least. 
Water Holding Capacity (WHC)/Drip Loss/Cook Loss/Thaw Loss/Total Loss 
 Water holding capacity (WHC) is related to the loss of water from the meat during 
processing, storage, and cooking and thus influences the juiciness/tenderness of the product 
when consumed (Jeffrey, 1983). Results in this experiment, reported in Tables 7 and 8, exhibited 
that strain did not have an impact (P>0.05) on drip loss, thaw loss, cook loss, or total loss of 
males or females. However, between target weights, differences for drip, cook, thaw, and total 
loss for males (P<0.05) as well as females (P<0.05) were observed. In general, as target weight 
increased drip loss values decreased for males and females. The results from the current study 
are supportive of findings from Fanatico et al. (2007), who reported a decrease in drip loss as 
breast weight increased (r = -0.73). For the current study, a correlation of r = -0.44 was observed 
(Table 24) for drip loss and breast weight for females with no significant correlation being noted 
for males. 
For thaw loss, a general decrease was expressed as target weight increased. For males, 
thaw loss was lower for 3859 g and 4313g when compared to the lighter target weights such as 
2043g (3.47 and 3.32 < 7.91 respectively, P<0.05). For females, thaw loss was also lower at 
3405 and 4313g when compared to lighter target weights, 2043g, (4.80 and 5.10 < 8.02 
respectively, P<0.05). For cook loss, there were inconsistent results as target weight increased 
for both sexes. For females, cook loss percentage was less at 4313g than 2497g (20.24 and 25.78 
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respectively, P<0.05) with others being intermediate. For males, the same observation was made 
with 4313g being different from 2497g (21.44 and 25.66 respectively, P<0.05). Contrary to the 
current study, Fanatico et al. (2007) reported lighter breast fillets had less thaw loss (0.63) and 
less cook loss (13.37) than heavier breast fillets (1.52 and 22.1 respectively). Mehaffey et al. 
(2006) also reported lighter breast fillets to have less cook loss than heavier fillets at various 
deboning times. The difference between the current study and Mehaffey et al. (2006) could be 
due to the larger variation in bird weights being compared in the current study. The greater cook 
loss values observed in lighter target weights can also be attributed to the ability of the meat to 
expel free water in smaller breast fillets faster than larger breast fillets during cooking because of 
the difference in amount of surface area. 
Total loss was determined as a combination of thaw and cook loss and it was apparent 
that total loss generally decreased (P<0.05) from the first processing weight of 2043g to the last 
processing weight of 4313g for both sexes (For males, 30.31 to 24.75 and for females, 31.73 to 
25.44 respectively). Fanatico et al. (2007), reported a greater total loss percentage (total loss 
calculated from the cooked weight as a percentage of the raw weight at time of deboning) for 
slow-growing birds (37.52% TL) than fast-growing birds (33.12% TL) and the current study 
findings support those results. However, it is important to note the difference in methods used to 
calculate total loss as the current study determined total loss as the combination of cook and thaw 
loss. 
Tenderness/Shear Values 
 Consumer acceptability of poultry meat products during consumption is dependent upon 
the tenderness and texture of the meat among other factors (Fletcher, 2002). The variation in bird 
size can impact chilling rates as well as potentially impact rigor development. In this study, all 
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fillets were deboned at 3h postmortem but bird sizes varied over the study. With the increasing 
prominence of muscle myopathies, more and more meat being produced has a tough texture that 
is not desired by consumers (Petracci et al., 2019). The main driving factors that affect 
tenderness of poultry meat are deboning times and muscle myopathies. In this study, the 
Meullenet-Owens Razor Shear method was used in the cranial (top one-third of the breast) 
region to determine instrumental tenderness values of breast fillets. The effect of both strain and 
target weights were evaluated on the energy (E), force (F), and peak count (PC) values for 
MORS in the cranial region of both male and female fillets, and results were reported in Tables 9 
and 10.  
With strain as a main effect, no differences (P>0.05) were observed among force, energy, 
or peak counts for either sex. These results are contradictive of the findings from Mehaffey et al. 
(2006) who reported differences between five different commercial strains at six and seven 
weeks of age. The results also differ from the findings of Maynard (2020) who reported strain to 
have significant impact on MORSE, MORSF, and MORS PC. The differences in studies could 
be attributed to the differences in strains used as well as the range of bird sizes used in the study. 
In the current study, the impact of strain on tenderness is evaluated over a large range in bird 
size.  
With target weight as a main effect, significant differences were observed for MORSF, 
MORSE, and MORS-PC for females and for energy and peak counts for males. For males, 
differences (P<0.05) were observed among target weights for MORSE with 4313g requiring a 
higher amount of energy compared to fillets at the 2497g and 2951g weight (192.94 to 179.09 
and 178.27 respectively). The results from the current study are supportive of the findings of 
Yang et al. (2016) who reported MORSE and MORSF to increase as broiler age (weight) 
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increased. Differences (P<0.05) among target weights for MORS-PC were observed with 4313, 
3859, and 3405g having a larger number of peaks than the three lighter weights (9.36 at 4313 
and 7.73 at 2043g). These results are supportive of findings from Solo et al. (2016) who reported 
a greater number of peak counts at 63 and 70d of age when compared to 45d of age. While 
limited research is currently available regarding peak counts, it has been observed that PCs are 
associated with the WB condition. Sun et al. (2016) first reported severe WB fillets to have 
higher PC than fillets that exhibited only moderate WB. In a recent study by Bowker and Zhuang 
(2019), it was reported that as severity of woody breast increases, PC of the fillet also increased 
(r = 0.65). Results from the current study are supportive of those findings as MORS-PC were 
highly correlated with the WB myopathy (r = 0.70 for males and r = 0.43 for females). It has 
been hypothesized that excessive amounts of connective tissue observed in woody breast could 
result in increased resistance of shearing resulting in higher peak counts (Bowker and Zhuang, 
2019).  
For females, a similar trend was observed with differences (P<0.05) in PC among target 
weights. In general, peak counts increased as target weight increased. Target weight 2043g had 
significantly less peaks than 3405g (7.49 and 9.05 respectively). Significant differences among 
target weights for MORSE and MORSF were observed for females, however the results were 
inconsistent across weights and did not display a general increase in energy or force as target 
weight increase. Cavitt et al. (2005) also did not report significant differences for MORSE or 
MORSF among small and large birds for either sex at a 3 hour debone time. The variation among 
current results and results reported in previous literature could be due to the larger variation in 
bird size evaluated or the incidence of myopathies in the current study. No strain x weight 
















































 In conclusion, results of this study suggest strain and target weight have a significant 
impact on meat quality. As expected, there were greater yields from the high-yielding strains 
than from those of the standard-yielding, in terms of white-meat (breast and tenders) and overall 
carcass yield. While minor strain impacts were observed, target weight had the greatest influence 
on quality attributes throughout the study. Target weight was found to have a significant impact 
on color, water-holding capacity, and shear properties, which can ultimately affect quality, 
tenderness, and overall consumer acceptability. As target weight increased, L* a*, and b* values 
generally increased. Water-holding capacity was also significantly impacted by target weight as 
decreases in drip loss, cook loss, and thaw loss percentages were observed over time. Aside from 
yields, a strain effect was observed predominately throughout muscle myopathies. Greater 
incidences of myopathies, such as woody breast and spaghetti meat, were observed in high breast 
yielding strains than in standard breast yielding which can lead to decreased functionality. 
Woody breast and white striping muscle myopathies generally increased in severity as well as 
occurrence with increasing target weight, confirming previous findings that heavier breast fillets 
are significantly impaired by these issues. Instrumental tenderness was also found to be impacted 
by target weight. The MORSE were different for both sexes among target weights and generally 
increased in the cranial region of the fillet (P<0.05) as the target weight increased for males. The 
MORS-PC generally increased as target weight increased with both sexes. There was also an 
increase in the incidence and severity of muscle myopathies as target weight increased. While 
strain had some effects on meat quality attributes, processing weight had a greater influence on 
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Table 1. Effect of strain1 and target weight on carcass and parts yield of male broilers  
Treatment  
 
Live Wt. (g) Carcass Wing Breast Tender Leg Quarter Rack 
Strain 
SYA 3473a 77.43b 9.86a 26.86c 5.31b 30.32a 26.98ab 
SYB 3393a 76.84c 9.87a 26.96c 5.37b 29.93a 27.22a 
HYA 3211b 78.56a 9.59b 28.30b 5.67a 28.49c 25.72c 
HYB 3276b 77.67b 9.73ab 29.83a 5.56a 29.01b 26.68b 
SEM 29 0.14 0.04 0.18 0.04 0.13 0.14 
Target Weight (g)        
2043 2074f 75.81c 10.25a 25.86d 5.28d 29.69a 28.02a 
2497 2566e 77.30b 9.93b 26.72cd 5.21d 28.83b 28.52a 
2951 2955d 78.00ab 9.61c 27.44c 5.35cd 29.30ab 27.29b 
3405 3579c 78.04ab 9.58c 28.74b 5.50bc 29.21ab 26.51c 
3859 4233b 78.14a 9.62c 29.42ab 5.67b 29.70a 24.96d 
4313 4624a 78.43a 9.57c 29.74a 5.85a 29.88a 24.61d 
SEM 35 0.18 0.05 0.22 0.04 0.16 0.17 
P-Values        
Strain <0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Target Weight  <0.001 <0.0001 <0.0001 <0.0001 <0.0001 0.0003 <0.0001 
Interaction 0.1763 0.3475 0.6654 0.3185 0.1520 0.5194 0.8299 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 
a-f Means without a common superscript were determined to be significantly different to be significantly different (P < 0.05) by a 






Table 2. Effect of strain1 and target weight on carcass and parts yield of female broilers  
Treatment  
 
Live Wt. (g) Carcass Wing Breast Tender Leg Quarter Rack 
Strain 
SYA 3138a 78.73bc 9.71a 27.31c 5.78b 29.18a 26.95a 
SYB 3109a 78.17c 9.64a 27.50c 5.86b 28.49b 27.29a 
HYA 3008b 79.78a 9.38b 30.42a 6.02a 27.49c 25.57b 
HYB 3125a 78.89b 9.46b 29.17b 6.02a 27.45c 26.79a 
SEM 26 0.17 0.04 0.18 0.04 0.14 0.14 
Target Weight (g)        
2043 1885e 77.04d 10.14a 25.71e 5.47d 28.90a 28.36a 
2497 2463d 79.39b 9.69b 27.02d 5.67c 28.44ab 27.40b 
2951 2955c 78.99bc 9.52bc 28.67c 6.00b 28.11b 26.80c 
3405 3593b 78.55c 9.39c 30.37b 6.25a 28.14b 25.16d 
4313 4579a 80.50a 8.99d 31.26a 6.20a 27.18c 25.51d 
SEM 29 0.19 0.04 0.20 0.04 0.15 0.16 
P-Values        
Strain 0.0046 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Target Weight  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
Interaction 0.0577 0.3780 0.0273 0.8046 0.0238 0.4182 0.3332 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 




Table 3. Effect of strain1 and target weight on breast fillet dimensions of male broilers 
Treatment Dimensions 
Strain Length2 Width3 Thickness4 
SYA 172.87 165.67a 34.61b 
SYB 173.51 163.33ab 32.86c 
HYA 171.42 164.29ab 36.50a 
HYB 170.83 161.99b 34.20b 
SEM 0.80 0.92 0.34 
Target Weight (g)    
2043 145.87f 135.80f 27.99e 
2497 158.01e 148.95e 29.86d 
2951 164.83d 157.09d 31.97c 
3405 177.01c 166.99c 36.14b 
3859 190.06b 184.31b 39.89a 
4313 197.15a 189.77a 41.40a 
SEM 0.98 1.13 0.42 
P-values    
Strain 0.0780 0.0468 <0.0001 
Target Weight  <0.0001 <0.0001 <0.0001 
Interaction 0.5896 0.3287 0.0429 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high 
yielding B 
2Measured in mm at the top of the fillet in the cranial region to the tip of the fillet in the caudal 
region  
3Measured in mm at 1/3 the caudal end of the fillet  
4Measured in mm at the thickest part of the cranial region of the fillet 
a-f Means without a common superscript were determined to be significantly different (P < 0.05) 
by a Tukey’s HSD Test  
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Table 4. Effect of strain1 and target weight on breast fillet dimensions of female broilers 
Treatment Dimensions 
Strain Length2 Width3 Thickness4 
SYA 168.90a 167.83 33.16b 
SYB 169.85a 166.13 32.63b 
HYA 166.57b 164.42 34.80a 
HYB 169.80a 167.35 35.96a 
SEM 0.60 1.07 0.39 
Target Weight (g)    
2043 140.11e 135.30e 27.07e 
2497 155.02d 152.69d 29.76d 
2951 166.12c 163.13c 32.52c 
3405 182.31b 179.44b 37.88b 
4313 200.35a 201.61a 43.46a 
SEM 0.67 1.19 0.43 
P-values    
Strain 0.0010 0.1244 <0.0001 
Target Weight  <0.0001 <0.0001 <0.0001 
Interaction 0.0803 0.9504 0.1186 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high 
yielding B 
2Measured in mm at the top of the fillet in the cranial region to the tip of the fillet in the caudal 
region  
3Measured in mm at 1/3 the caudal end of the fillet  
4Measured in mm at the thickest part of the cranial region of the fillet 
a-e Means without a common superscript were determined to be significantly different (P < 0.05) 







Table 5. Effect of strain1 and target weight on breast and tender myopathies of male broilers 
Treatment 
WT2 TF3 WB4 WS5 SM6 
Strain 
SYA 0.43a 0.25ab 0.91b 0.85 0.09 
SYB 0.23b 0.18b 0.93b 0.83 0.08 
HYA 0.47a 0.23ab 1.23a 0.95 0.14 
HYB 0.31b 0.27a 1.04b 0.82 0.07 
SEM 0.03 0.02 0.05 0.04 0.02 
Target Weight (g)      
2043 0.20b 0.19ab 0.46c 0.40c 0.11abc 
2497 0.14b 0.23ab 0.74b 0.65b 0.21a 
2951 0.09b 0.24ab 0.91b 0.81b 0.17ab 
3405 0.56a 0.30a 1.27a 1.05a 0.06bc 
3859 0.54a 0.26ab 1.42a 1.19a 0.03c 
4313 0.63a 0.18b 1.38a 1.07a 0.00c 
SEM 0.04 0.03 0.06 0.05 0.03 
P-Values      
Strain <0.0001 0.0440 0.0002 0.0759 0.3007 
Target Weight (g) <0.0001 0.0336 <0.0001 <0.0001 <0.0001 
Interaction 0.5462 0.0019 0.0104 0.3437 0.5005 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 
a-c Means without a common superscript were determined to be significantly different (P < 0.05) by a Tukey’s HSD Test 
2Woody tender. Scored on a numeric scale from 0-2 with 0.5 increments. 
3Feathered tender. Scored on a numeric scale from 0-2 with 0.5 increments.  
4Woody breast. Scored on a numeric scale from 0-3 with 0.5 increments. 
5White striping. Scored on a numeric scale from 0-3 with 0.5 increments. 






Table 6. Effect of strain1 and target weight on breast and tender myopathies of female broilers 
Treatment 
WT2 TF3 WB4 WS5 SM6 
Strain 
SYA 0.34ab 0.29 0.56b 0.71b 0.16ab 
SYB 0.27b 0.26 0.61b 0.76ab 0.09b 
HYA 0.39a 0.32 0.97a 0.87a 0.29a 
HYB 0.33ab 0.32 0.84a 0.84ab 0.14b 
SEM 0.03 0.03 0.05 0.04 0.03 
Target Weight (g)      
2043 0.12c 0.24 0.32d 0.38c 0.19ab 
2497 0.11c 0.27 0.51cd 0.69b 0.32a 
2951 0.36b 0.36 0.68c 0.79b 0.20ab 
3405 0.48a 0.33 0.97b 0.97a 0.10b 
4313 0.60a 0.28 1.24a 1.13a 0.04b 
SEM 0.03 0.04 0.05 0.04 0.04 
P-Values      
Strain 0.0278 0.4372 <0.0001 0.0393 0.0025 
Target Weight (g) <0.0001 0.1285 <0.0001 <0.0001 <0.0001 
Interaction 0.5668 0.8730 0.0880 0.5342 0.6624 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 
a-d Means without a common superscript were determined to be significantly different (P < 0.05) by a Tukey’s HSD Test 
2Woody tender. Scored on a numeric scale from 0-2 with 0.5 increments. 
3Feathered tender. Scored on a numeric scale from 0-2 with 0.5 increments.  
4Woody breast. Scored on a numeric scale from 0-3 with 0.5 increments. 
5White striping. Scored on a numeric scale from 0-3 with 0.5 increments. 






Table 7. Effect of strain1 and target weight on meat quality attributes of male broilers 
Treatment 
pH2 L*3 a*3 b*3 Drip Loss % Thaw Loss % Cook Loss % Total Loss %4 
Strain 
SYA 5.98 56.22a 2.34 9.54a 1.07 6.86 24.52 31.19 
SYB 5.96 55.29b 2.18 9.05ab 1.07 6.71 23.08 29.72 
HYA 6.00 55.63ab 2.22 8.86b 1.04 6.85 22.68 29.68 
HYB 5.96 55.53ab 2.37 9.62a 0.82 6.99 24.13 30.48 
SEM 0.01 0.20 0.08 0.15 0.09 0.28 0.54 0.68 
Target Weight (g)         
2043 5.99a 54.91b 2.40ab 8.58b 1.19a 7.91b 22.40b 30.31b 
2497 5.91b 55.25b 2.10ab 8.51b 1.21a 8.23b 25.66a 33.86a 
2951 5.98a 55.22b 1.98b 9.13ab 1.09ab 8.48ab 25.30a 32.84ab 
3405 5.97ab 56.37a 2.33ab 9.89a 1.00ab 9.71a 23.43ab 33.09ab 
3859 6.00a 56.43a 2.45a 9.71a 0.83ab 3.47c 23.38ab 26.76c 
4313  5.99a 55.84ab 2.43a 9.78a 0.67b 3.32c 21.44b 24.75c 
SEM 0.02 0.24 0.01 0.19 0.11 0.34 0.66 0.84 
P-Values         
Strain 0.1317 0.0140 0.3065 0.0017 0.1473 0.9127 0.0677 0.3587 
Target Weight 0.0015 <0.0001 0.0076 <0.0001 0.0056 <0.0001 0.0002 <0.0001 
Interaction 0.5659 0.5996 0.1236 0.7818 0.7291 0.3104 0.8888 0.5445 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 
2pH was collected 24 hours postmortem 
3Color measurements were collected 24 hours postmortem on the dorsal side of the fillet 
4Total loss was determined as the combination of cook and thaw loss 







Table 8. Effect of strain1 and target weight on meat quality attributes of female broilers 
Treatment 
pH2 L*3 a*3 b*3 Drip Loss % Thaw Loss % Cook Loss % Total Loss %4 
Strain 
SYA 5.89 57.12a 2.40 10.10ab 0.96 7.51 23.26 30.30 
SYB 5.89 55.78b 2.72 9.70b 1.29 7.49 21.85 29.09 
HYA 5.90 56.55ab 2.57 9.80b 1.21 7.93 22.84 30.11 
HYB 5.86 56.47ab 2.48 10.48a 1.10 8.16 22.81 31.04 
SEM 0.01 0.29 0.09 0.14 0.09 0.25 0.59 0.57 
Target Weight (g)         
2043 5.92a 55.39c 2.31b 9.12d 1.44a 8.02b 23.71ab 31.73b 
2497 5.89a 56.05bc 2.38b 9.61cd 1.36a 10.34a 25.78a 34.61a 
2951 5.94a 56.61abc 2.54b 9.94bc 1.25ab 10.59a 21.92bc 32.58ab 
3405 5.94a 56.75ab 2.46b 10.53ab 0.93bc 4.80c 21.56bc 26.31c 
4313 5.73b 57.58a 2.99a 10.91a 0.72c 5.10c 20.24c 25.44c 
SEM 0.02 0.32 0.10 0.16 0.10 0.27 0.67 0.64 
P-Values         
Strain 0.1012 0.0207 0.0629 0.0019 0.0603 0.1717 0.2519 0.1299 
Target Weight <0.0001 0.0004 0.0003 <0.0001 <0.0001 <0.0001 0.0002 <0.0001 
Interaction 0.1934 0.3405 0.1666 0.5759 0.9631 0.0898 0.5718 0.1008 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high yielding B 
2pH was collected 24 hours postmortem 
3Color measurements were collected 24 hours postmortem on the dorsal side of the fillet 
4Total loss was determined as the combination of cook and thaw loss 
a-d Means without a common superscript were determined to be significantly different (P < 0.05) by a Tukey’s HSD Test 
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Table 9. Effect of strain1 and target weight on MORS properties of male broiler breast fillets 
Treatment Shear Parameter 
Strain CR2 MORS F3 CR2 MORS E3 CR2 MORS PC3 
SYA 12.62 182.46 9.1 
SYB 12.86 182.71 8.69 
HYA 12.7 182.19 8.9 
HYB 13.03 186.69 8.88 
SEM 0.18 2.57 0.21 
Target Weight (g)    
2043 12.32 181.43ab 7.73b 
2497 13.11 179.09b 8.23b 
2951 12.78 178.27b 8.10b 
3405 12.53 181.77ab 10.10a 
3859 12.94 187.70ab 9.84a 
4313 13.12 192.94a 9.36a 
SEM 0.22 3.14 0.25 
P-values    
Strain 0.3802 0.5635 0.5706 
Target Weight  0.0685 0.0126 <0.0001 
Interaction 0.203 0.0972 0.6129 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high 
yielding B 
2Cranial region- Measurement taken in the top 1/3 of the Pectoralis major 
3Meullenet-Owens Razor Shear (MORS) F = force; E = energy; PC = peak counts  
a-b Means without a common superscript were determined to be significantly different (P < 0.05) 
by a Tukey’s HSD Test 
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Table 10. Effect of strain1 and target weight on MORS properties of female broiler breast fillets 
Treatment Shear Parameter 
Strain CR2 MORS F3 CR2 MORS E3 CR2 MORS PC3 
SYA 13.33 189.22 8.34 
SYB 13.26 183.26 8.32 
HYA 12.98 183.86 7.96 
HYB 13.42 189.04 8.58 
SEM 0.18 2.47 0.19 
Target Weight (g)    
2043 12.83b 182.66ab 7.49b 
2497 14.02a 191.14a 7.78b 
2951 12.78b 179.68b 8.95a 
3405 13.14b 186.99ab 9.05a 
4313 13.36ab 191.26a 8.25ab 
SEM 0.21 2.77 0.21 
P-values    
Strain 0.3395 0.1821 0.1577 
Target Weight  0.0007 0.0163 <0.0001 
Interaction 0.3356 0.4359 0.4508 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high 
yielding B 
2Cranial region- Measurement taken in the top 1/3 of the Pectoralis major 
3Meullenet-Owens Razor Shear (MORS) F = force; E = energy; PC = peak counts  
a-b Means without a common superscript were determined to be significantly different (P < 0.05) 




Table 11. Effect of strain1 and target weight on breast yield for male broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 25.86 24.62 25.80 27.16 
2497 25.83 26.02 26.83 28.19 
2951 26.13 26.55 27.59 29.50 
3405 27.58 27.49 29.04 30.84 
3859 27.86 28.24 29.95 31.62 
4313 27.90 28.82 30.58 31.66 
SEM 0.45 
     
P-value     
Interaction 0.3185 





Table 12. Effect of strain1 and target weight on breast yield for female broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 24.78 24.87 27.41 25.77 
2497 25.96 26.03 28.54 27.50 
2951 27.44 27.24 30.50 29.47 
3405 28.76 29.19 32.46 31.06 
4313 29.62 30.18 33.21 32.04 
SEM 0.40 
     
P-value     
Interaction 0.8046 





Table 13. Effect of strain1 and target weight on cook loss for male broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 22.94 22.78 22.25 21.62 
2497 28.10 25.33 24.31 24.89 
2951 25.90 25.58 24.39 25.35 
3405 23.71 23.12 22.03 24.86 
3859 24.25 21.52 22.84 24.91 
4313 22.22 20.14 20.27 23.14 
SEM 1.33 
     
P-value     
Interaction 0.8888 





Table 14. Effect of strain1 and target weight on cook loss for female broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 25.25 22.51 24.32 22.78 
2497 25.40 23.41 23.27 27.03 
2951 23.60 22.04 19.38 22.65 
3405 22.03 21.61 21.87 20.71 
4313 20.01 19.69 20.38 20.86 
SEM 1.33 
     
P-value     
Interaction 0.5718 





Table 15. Effect of strain1 and target weight on WB for male broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 0.52efg 0.37g 0.50efg 0.43fg 
2497 0.89bcdefg 0.70cdefg 0.80bcdefg 0.57defg 
2951 0.86bcdefg 0.80bcdefg 1.28abc 0.70cdefg 
3405 1.23abcd 1.10abcdef 1.41ab 1.33abc 
3859 1.13abcde 1.27abc 1.72a 1.58a 
4313 0.85bcdefg 1.33abc 1.70a 1.61a 
SEM 0.13 
     
P-value     
Interaction 0.0104 
1SYA = standard yielding A, SYB = standard yielding B, HYA = high yielding A, HYB = high 
yielding B 
a-g Means without a common superscript were determined to be significantly different (P < 0.05) 





Table 16. Effect of strain1 and target weight on WB for female broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 0.35 0.23 0.47 0.23 
2497 0.35 0.45 0.57 0.68 
2951 0.58 0.45 0.85 0.83 
3405 0.65 0.80 1.37 1.06 
4313 0.88 1.12 1.60 1.38 
SEM 0.11 
     
P-value     
Interaction 0.0880 





Table 17. Effect of strain1 and target weight on CR MORS Force for male broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 11.48 13.30 12.26 12.26 
2497 12.61 13.20 13.16 13.45 
2951 12.67 12.97 11.93 13.53 
3405 12.36 11.98 12.80 12.97 
3859 13.02 12.83 12.80 13.10 
4313 13.58 12.86 13.23 12.83 
SEM 0.43 
     
P-value     
Interaction 0.2030 





Table 18. Effect of strain1 and target weight on CR MORS Force for female broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 12.49 13.32 12.57 12.92 
2497 14.05 13.53 13.88 14.61 
2951 12.84 12.83 12.12 13.33 
3405 13.47 12.94 13.52 12.64 
4313 13.83 13.20 12.79 13.61 
SEM 0.41 
     
P-value     
Interaction 0.3356 





Table 19. Effect of strain1 and target weight on CR MORS Energy for male broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 176.72 197.85 171.83 179.32 
2497 173.11 179.29 182.80 181.16 
2951 180.36 177.53 167.38 187.40 
3405 180.17 170.67 185.75 190.47 
3859 183.39 185.17 189.73 192.51 
4313 201.02 185.78 195.65 189.29 
SEM 6.29 
     
P-value     
Interaction 0.0972 





Table 20. Effect of strain1 and target weight on CR MORS Energy for female broilers 
Treatment Strain 
 
SYA1 SYB1 HYA1 HYB1 Target 
Weight (g) 
2043 184.19 180.18 181.32 184.95 
2497 193.84 184.76 187.78 198.18 
2951 181.21 178.45 172.02 187.02 
3405 189.06 183.61 195.84 179.45 
4313 197.81 189.31 182.31 195.62 
SEM 5.53 
     
P-value     
Interaction 0.4359 








Table 21. Male correlations of various meat quality traits and associated myopathies 
 LW BY TY WS WB SM WT TF Thickness3 Length1 Width2 
LW  • • • • • • • • • • 
BY 0.66***  • • • • • • • • • 
TY 0.61*** 0.79***  • • • • • • • • 
WS 0.80*** 0.74*** 0.47***  • • • • • • • 
WB 0.77*** 0.94*** 0.60*** 0.90***  • • • • • • 
SM -0.55*** -0.26* -0.36** -0.38** -0.32**  • • • • • 
WT 0.65*** 0.65*** 0.63*** 0.66*** 0.70*** -0.38**  • • • • 
TF 0.02 0.20 0.02 0.15 0.25 0.12 0.11  • • • 
Thickness 0.92*** 0.84*** 0.69*** 0.87*** 0.89*** -0.46*** 0.75*** 0.13  • • 
Length 0.99*** 0.71*** 0.67*** 0.79*** 0.76*** -0.52*** 0.65*** 0.01 0.91***  • 
Width 0.97*** 0.72*** 0.68*** 0.79*** 0.75*** -0.50*** 0.66*** 0.02 0.92*** 0.98***  
* = P<0.05, ** = P<0.01, *** = P<0.001. Significance was determined at P<0.05 using Spearman p correlation values 
LW, Live weight; BY, Breast yield; TY, Tender yield; WS, White striping; WB, Woody breast; SM, Spaghetti meat; WT, Woody 
tender; FT, Feathered tender 
1Measured in mm at the top of the fillet in the cranial region to the tip of the fillet in the caudal region  
2Measured in mm at 1/3 the caudal end of the fillet  







Table 22. Female correlations of various meat quality traits and associated myopathies  
 LW BY TY WS WB SM WT TF Thickness3 Length1 Width2 
LW  • • • • • • • • • • 
BY 0.79***  • • • • • • • • • 
TY 0.78*** 0.87***  • • • • • • • • 
WS 0.85*** 0.86*** 0.76***  • • • • • • • 
WB 0.82** 0.91*** 0.78*** 0.89***  • • • • • • 
SM -0.45** -0.17 -0.21 -0.17 -0.21  • • • • • 
WT 0.84*** 0.81*** 0.76*** 0.80*** 0.83*** -0.34**  • • • • 
TF 0.19 0.29* 0.25 0.30* 0.35** 0.16 0.30*  • • • 
Thickness 0.94*** 0.92*** 0.83*** 0.91*** 0.92*** -0.29* 0.87*** 0.27*  • • 
Length 0.98*** 0.79*** 0.80*** 0.83*** 0.80*** -0.45** 0.81*** 0.15 0.92***  • 
Width 0.97*** 0.82*** 0.80*** 0.84*** 0.82*** -0.39*** 0.83*** 0.18 0.94*** 0.96***  
* = P<0.05, ** = P<0.001, *** = P<0.0001. Significance was determined at P<0.05 using Spearman p correlation values 
LW, Live weight; BY, Breast yield; TY, Tender yield; WS, White striping; WB, Woody breast; SM, Spaghetti meat; WT, Woody 
tender; FT, Feathered tender 
1Measured in mm at the top of the fillet in the cranial region to the tip of the fillet in the caudal region  
2Measured in mm at 1/3 the caudal end of the fillet  







Table 23. Correlations of various meat quality parameters for male broilers  
 LW BY TY Drip pH L* a* b* Thaw Cook Total MF ME MPC 
LW  • • • • • • • • • • • • • 
BY 0.66***  • • • • • • • • • • • • 
TY 0.61*** 0.79**  • • • • • • • • • • • 
Drip -0.42** -0.23 -0.35**  • • • • • • • • • • 
pH 0.15 0.26* 0.23 -0.13  • • • • • • • • • 
L* 0.45*** 0.37** 0.30* -0.10 -0.12  • • • • • • • • 
a* -0.08 0.21 0.26* -0.09 -0.09 0.28*  • • • • • • • 
b* 0.65*** 0.45*** 0.40** -0.16 0.03 0.61*** 0.46***  • • • • • • 
Thaw -0.50*** -0.32** -0.50*** 0.52*** -0.28* - -0.10 -0.15  • • • • • 
Cook -0.20 -0.20 -0.23 0.29* -0.31** 0.15 -0.13 0.08 0.30*  • • • • 
Total -0.49*** -0.36** -0.51*** 0.51*** -0.31** 0.03 -0.18 -0.06 0.80*** 0.72***  • • • 
M F 0.21 0.14 0.22 -0.29* -0.25* 0.08 0.04 0.19 -0.15 0.24* -0.01  • • 
M E 0.36* 0.29* 0.38** -0.45*** -0.03 0.29* 0.21 0.38** -0.29* -0.03 -0.24* 0.75***  • 
M PC 0.60*** 0.53*** 0.46*** -0.15 0.21 0.60*** 0.15 0.56*** -0.20 -0.07 -0.20 0.02 0.25*  
* = P<0.05, ** = P<0.001, *** = P<0.0001 







Table 24. Correlations of various meat quality parameters for female broilers  
 LW BY TY Drip pH L* a* b* Thaw Cook Total MF ME MPC 
LW  • • • • • • • • • • • • • 
BY 0.79***  • • • • • • • • • • • • 
TY 0.78*** 0.87***  • • • • • • • • • • • 
Drip -0.59*** -0.45** -0.47***  • • • • • • • • • • 
pH -0.39* -0.24 -0.18 0.37**  • • • • • • • • • 
L* 0.51*** 0.41** 0.36* -0.31* -0.33**  • • • • • • • • 
a* 0.47** 0.41** 0.30* -0.09 -0.26* -0.11  • • • • • • • 
b* 0.80*** 0.68*** 0.68*** -0.39** -0.37** 0.53*** 0.40**  • • • • • • 
Thaw -0.58*** -0.45** -0.49*** 0.59*** 0.15 -0.15 -0.19 -0.43**  • • • • • 
Cook -0.47** -0.49*** -0.54*** 0.41**- 0.23 -0.17 -0.42** -0.33* 0.31*  • • • • 
Total -0.68*** -0.56*** -0.63*** 0.64*** 0.28* -0.25 -0.38** -0.50*** 0.82*** 0.72***  • • • 
M F 0.08 -0.07 -0.13 -0.12 -0.36** 0.13 -0.16 0.03 0.08 0.29* 0.18  • • 
M E 0.18 0.02 -0.04 -0.21 -0.37** 0.15 -0.19 0.10 -0.10 0.35** 0.09 0.89***  • 
M PC 0.46** 0.37* 0.51*** -0.15 0.15 0.28* 0.09 0.45** -0.12 -0.12 -0.22 -0.10 -0.06  
* = P<0.05, ** = P<0.001, *** = P<0.0001 


























































































Figure 2. Woody tender (WT) scoring methodology used to classify hardness throughout the 





Figure 3. Tender feathering (TF) score methodology used to classify fraying throughout the 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SYA SYB HYB HYA












































































Figure 6: Female breast thickness measurement interaction between strain and target weight 
  
Strain P<0.0001 














































Figure 7: Male breast length measurement interaction between strain and target weight 
  
Strain P=0.0780 































































































Figure 9: Male breast width measurement interaction between strain and target weight 
  
Strain P=0.0010 














































Figure 10: Female breast width measurement interaction between strain and target weight 
  
Strain P=0.0010 









































Figure 11: Male pH value interaction between strain and target weight 
  
Strain P=0.1317 









































Figure 12: Female pH value interaction between strain and target weight  
  
Strain P=0.1012 











































Figure 13: Male L* value interaction between strain and target weight   
  
Strain P=0.0140 











































Figure 16: Female L* value interaction between strain and target weight  
  
Strain P=0.0207 
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Figure 17: Male a* value interaction between strain and target weight 
  
Strain P=0.3065 
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Figure 18: Female a* value interaction between strain and target weight 
  
Strain P=0.0629 



















































































Figure 20: Female b* value interaction between strain and target weight 
  
Strain P=0.0019 



























































































































































































































































































































































Figure 27: Male Meullenet-Owens Razor Shear force (MORSF) value interaction between strain 
and target weight 
  
Strain P=0.3802 




















































Figure 28: Female Meullenet-Owens Razor Shear force (MORSF) value interaction between 






















































Figure 29: Male Meullenet-Owens Razor Shear energy (MORSE) value interaction between 






















































Figure 30: Female Meullenet-Owens Razor Shear energy (MORSE) value interaction between 













































Figure 31: Male woody breast (WB) mean score interaction between strain and target weight 
  
Strain P=0.0002 













































Figure 32: Female woody breast (WB) mean score interaction between strain and target weight 
  
Strain P<0.0001 













































Figure 33: Male white striping (WS) mean score interaction between strain and target weight  
  
Strain P=0.0759 













































Figure 34: Female white striping (WS) mean score interaction between strain and target weight 
  
Strain P=0.0393 













































Figure 35: Male spaghetti meat (SM) mean score interaction between strain and target weight  
  
Strain P=0.3007 






























































































Figure 37: Male woody tender (WT) mean score interaction between strain and target weight 
  
Strain P<0.0001 














































Figure 38: Female woody tender (WT) mean score interaction between strain and target weight 
  
Strain P=0.0278 














































Figure 39: Male feathered tender (TF) mean score interaction between strain and target weight  
  
Strain P=0.0440 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1. Combined sex correlations of various yields and associated myopathies 
 LW BY TY WS WB WT TF 
LW  • • • • • • 
BY 0.70***  • • • • • 
TY 0.50*** 0.76***  • • • • 
WS 0.78*** 0.84*** 0.78***  • • • 
WB 0.79*** 0.78*** 0.36*** 0.87***  • • 
WT 0.74*** 0.71*** 0.55*** 0.72*** 0.72***  • 
TF 0.06 0.26** 0.26** 0.18* 0.19* 0.18*  
* = P<0.05, ** = P<0.01, *** = P<0.001. Significance was determined at P<0.05 using Spearman p correlation values 
LW, Live weight; BY, Breast yield; TY, Tender yield; WS, White striping; WB, Woody breast; SM, Spaghetti meat; WT, Woody 








Table 2. Correlations of various meat quality parameters for combined sex broilers  
 LW BY TY Drip pH L* a* b* Thaw Cook Total MF ME MPC 
LW  • • • • • • • • • • • • • 
BY 0.70***  • • • • • • • • • • • • 
TY 0.50*** 0.76***  • • • • • • • • • • • 
Drip -0.52*** -0.32** -0.25**  • • • • • • • • • • 
pH -0.01 -0.02 -0.21* -0.02  • • • • • • • • • 
L* 0.41*** 0.42*** 0.43*** -0.12 -0.30**  • • • • • • • • 
a* 0.32** 0.32** 0.39*** -0.03 -0.25* 0.17  • • • • • • • 
b* 0.60*** 0.55*** 0.62*** -0.16 -0.26** 0.59*** 0.52***  • • • • • • 
Thaw -0.56*** -0.36*** -0.30** 0.56*** -0.18* -0.01 -0.11 -0.19*  • • • • • 
Cook -0.30** -0.38*** -0.44*** 0.31** 0.05 -0.06 -0.34*** -0.19* 0.25**  • • • • 
Total -0.56*** -0.44*** -0.45*** 0.56*** -0.06 -0.07 -0.28** -0.23* 0.79*** 0.71***  • • • 
M F 0.11 0.07 0.18* -0.18* -0.37*** 0.16 0.03 0.19* - 0.18* 0.06  • • 
M E 0.27** 0.18* 0.23* -0.34*** -0.21* 0.24** 0.07 0.29** -0.20* 0.10 -0.10 0.82***  • 
M PC 0.54*** 0.42*** 0.26* -0.19* 0.27** 0.35*** 0.06 0.38*** -0.22* -0.04 -0.19* -0.09 0.09  
* = P<0.05, ** = P<0.001, *** = P<0.0001 
LW, Live weight; BY, Breast yield; TY, Tender yield; WT, Woody tender; FT, Feathered tender; MF, MORS force; ME, MORS energy; MPC, MORS peak counts  
 
 
